ONLY  6ARDNER-DENVER  ROTARIES 


Give  you  all  these 
field-proved 
portable  compressor 
advantages 


Left  to  right.  Models  RP13S,  RP2IO,  RP36S,  RP600,  RP900. 


Safe,  sure  all-weather  operation  — water-oil 
cooling  system  keeps  engine  and  compressor 
tem|)erature  constant. 


Lubricated  cold-weather  starting— clutch  al¬ 
lows  compres.sor  oil  to  be  warmed  before  en¬ 
gaging  compre.s.sor. 


Positive  flood  lubrication- instantaneous  oil 
flow  not  de|)endent  on  receiver  pre.s.sure. 


>1 


At  (Jantnor-Donvor  lhort*’8  no  suttstitute  fttr 
nion — «)nr  pliilosophy  of  j;rowth  for  UK)  yoars, 
(oirdnor-l  tenvor  en^rinoora  know  your  field 
from  field  ex|H*rienee  .  .  .  kwp  in  eon.atant 
toiu-li  with  men  and  maehinery  .  .  .  stvk  new 
ways  of  developing  surer,  stifer,  more  pn>duc- 
tive  erpiipment. 


Y& 


(lardner-Penver  !tI*5K)()’s  on  (lien  ('anyon  diversion  tunnel  job 
provide  trouble-free  air  for  all  phast's  of  this  major  projeet. 


EQUIPMENT  TODAY  FOR  THE  CHALLENGE  OF  TOMORROW 


Gardn*r-D*nv*r  Company,  Quinry,  Illinois 

In  Canada  Gaidncr-Denvor  Company  (Canada),  ltd.,  14  Curity  Avenuo,  Toronto  16,  Ont. 


KEEPING  TAB  ON  PROGRESS 


Fuel  economy  plus— exclu.sive  (Jardner-Denver 
''THHIFTMb]TER”®  saves  fuel,  saves  wear 
and  te-ar  on  engine  and  compres.sor. 


The  (lardner-Denver  rotary  retjuires  no  major  dismantling  job 
for  insfieetion  of  working  parts.  Only  a  few  minutes  are  retjuired 
to  n*move  the  12  cap  screws  to  expose  all  the  blades  for  routine 
in8|)ection  or  replacement  that  assures  trouble-free  operation. 


Simplified  field  maintenance— all  compre.s.sor 
parts  are  easy  to  get  to,  making  in.spection  and 
field  mttintenance  faster  and  easier.  See  your 
(lardner-Denver  distributor  or  write  for  bulletin. 
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Forerunner  of  Progress  in 
Mining,  Q_uarrying,  Construction 

The  article  “Drilling  and  Blasting  at  the  Jaekpile  Mine,” 
in  addition  to  being  an  interesting  aeeonnt  of  the  early 
explorations  that  led  to  the  diseoverv  of  this  vast  nraniinn 
deposit  and  its  dexelopinent  into  the  world's  largest  open- 
pit  nraniinn  mine,  also  dt'serihes  a  st'ries  of  eoinpc'titix  e 
blasting  tests  made  at  this  property.  These  tests  were  eon- 
dneted  to  compare  the  redatixe  eflc'ctivcMiess  of  ammonimn 
nitrate  prills-fnel  oil  mixture's  xvith  the  rc'snlts  obtained 
when  using  Dvnatex,®  a  low-eost,  readv-to-nse  nitro  earbo 
nitrate  blasting  agent. 

For  a  rc'port  on  these  tests,  which  ivx  t'alc'cl  sevt'ral  impor¬ 
tant  reasons  for  using  Dvnatex,  read  the  article  bv  H.  H. 
Ilearon,  starting  on  page  '39. 

o  o  o 

A  big  stc'p  forward  in  tlu“  indnstriali/ation  of  the  Smith  was 
the  rc'eent  completion  of  l.ehigh  Portland  (a'liu'nt  (.'om- 
panv's  $2.5,(K)(),(KK)  cement  plant  in  Florida.  This  plant,  em- 
boclving  the  most  modern  dc'sign  and  c-ipiipment,  is  capable 
of  producing  2*2  million  barreds  of  cc'inent  per  vt*ar.  Located 
on  the  Tamiami  Trail  on  the  c'clge  ot  the  K\c*rglades,  the 
pl.mt  is  a  tribute  to  enginc'ering  skill:  it  was  built  on  re¬ 
claimed  swampland  formerly  inhabitc'd  bv  alligators,  mos- 
(piitoes,  cottonmonfh  snake's,  and  the  wild  boar.  More  than 
1  (HK).(KK)cn.  vd.  of  fill  material  was  rc'cjnirc'd  to  lift  the  land 
.dioxe  the  water. 

As  an  industrial  pioneer  in  sontlu'rn  Florida,  Lcdiigh  has 
shown  its  confidence  in  the  inchistrial  future  of  this  arc'a. 
More  complc'te  information  about  Lehigh’s  Florida  oper¬ 
ations  is  gixi'n  in  F.  Argo’s  article  on  page  46. 

°  I  li  Ti  nil  s  rr.idi'in.irk 


KD!  I  OHIAI.  -S  r.\FF:  Jaxiks  J.  O’.N'kii.i.,  Mamtfiinn 
J  F.ditor;  Thomas  K.  .Mii.i.kh,  C(mlrihutitifi  Editor; 

I  inBiH  (amiu  DK  A.  Dowki.i.y,  Associate  Editor;  Kn- 
\\  Aid)  L.  (aiANT.  Art  Editor;  Hoxvaiu)  H.  Dickson, 
I’roductiou  Mauancr;  Ciiaiu.ks  Haiiknoi.I),  Ad- 
n  rfi.siitu  Manager;  .Monti.omi-.iu  H,  Bcdd.  Director. 


Sl'BSOHlT  I  lOV  HA  TF^S:  I'liitcd  States  and  Canada— One  Ye.ir, 
Sl.AO.  Siiinli'  (Aipitvs.  S.a(|;  Limited  Stdiscriptiom  Only  to  Other 
Countries  One  ^car.  S2.5();  .SinKli-  Copies,  S.5(). 

Tiif  FArrosivrs  F'm.ini-'  h.  fil'l  dki.awahk  tbcst  hcii.ding, 

\\  II. MINI. TON,  on. AW  AUK.  rHINTKO  IV  CNITK.O  STATKS  OF  AMF.RICA. 
I'l  HI  IslIF.O  HY  HERCULES  POWDER  COMPANY 


XIABC  H-.APRII,,  I9.S9 


J.  Erik  Jonsson— «  bio^ruphtf  .  36 

J.  Erik  Joxs-sov— ci  photofiraph .  37 

Editorial .  38 


Drilling  and  Blasting  at  the  jaekpile  Mine .  39 

By  11.  11.  llK.ARON 

Modern  Indii.strv  in  the  Florida  Everglade's .  46 

By  C:.  F.  Ahco 

The  Forming  of  .Mc'tals  bv  Explosive's .  52 

Bv  ji  i.ii’s  Both 

New  York  Trap  Bock’s  (dinton  Point  (^narrv 
Wins  N(],S.\  .Saft'tv  (amtest .  .5(3 

The'  1  lardrockers’  Boll  C.'all— Poc'in .  .>S 

Bv  C’liARi.Ks  F'.  Tiioxi.as 

.Nt'ws  Note's .  .59 


Views  and  opinions  evpres%ed  b>  the  authors  ol  articles  in  this  publication 
are  their  own,  and  thev  do  not  necessarily  represent  those  of  the  publisher. 


rc'cent  dexelopme'iit  in  ineliistrv  has  be'e'ii  the'  iitili/ation 
eif  expleisives  in  the'  forming  eif  nu'tals  intei  variems  shape's. 
The  aviatiem  and  gniele'el  missile  inelnstric's  haxe  be'cn  par¬ 
ticularly  active  in  this  fielel.  having  foimel  that  intrieatelv 
shape'cl  metal  parts  can  be  ejiiicklv  and  e'ceineimicallv  fornu'el 
by  the  use  eif  c'xplosivc's.  It  has  bc'en  cdaime'el  th.it  e've'rx 
eiperatiein  peissible  with  a  elrop  hanmu'r  or  pre'ss  can  be' 
duplicate'd  by  c'xpleisivc's  feirming.  While'  the  article'  “The' 
Forming  of  Metals  bv  Explosive's”  eleic's  include  some'  back- 
groime!  ein  the  rc'action  of  nu'tals  tei  impnlsixe'  loaeling.  it  is 
not  intended  to  be  a  thesis  ein  expleisixe's  me'tal  forming. 
Batlu'r,  its  purpose  is  to  present  tei  the'  e'ligini'e'r  inte're'ste'el 
in  metal  feirming  some  eif  the  propertie's  eif  the'  explosixe's 
he  may  u.se. 

.■\n  infeirmatixe  article  by  jiilins  Both  starts  on  p.ige'  .52. 

9  9  9 

During  the  annual  mc'c'ting  of  the'  National  (aiislu'el  Stone' 
.\sseiciatiein  held  re'cently  at  Miami  Be'ach,  Fleiriela,  the'(;lin- 
tein  Peiint  (^)narrv  of  .Ne'xv  York  Trap  Bock  ('eirpor.ition  xvas 
axvardc'el  the'  breinze  plaepu'.  elonate'el  bv  Tin;  Exi'i.eisix  is 
ENcaNKKR,  tor  having  the*  lie'st  re'corel  in  the'  19.57  safetx 
compc'tition  c'eineliicte'el  bv  the  .Association  anel  the'  L.  S. 
Bnre'an  eif  .Mines. 

That  the  membe'rs  eif  the'  N(’.S.\  are  xvhole'he'arte'ellv  back¬ 
ing  the  safe'tv  meixement  is  proxe'el  bv  the'  incre'ase'  in  nnm- 
be'r  of  participants  anel  the  loxve'ring  of  accieli'iit  rate's 
throiigheint  the  ineliistrv. 

For  a  brief  re'peirt  of  the'  .Association’s  annual  me'e'ting 
anel  a  list  of  the  recipie'iits  of  (a'rtificates  of  lleinorable  .Me'ii- 
tion,  ph'ase  turn  to  page  56. 


COVERED  COMOUITS 


RESERVOIR 


GENERATING  PLANT 


Taking  power  from  the  Niagara  River  with  two  generating 
plants,  a  reservoir,  and  two  underground  conduits  four  miles 
long  is  no  easy  task.  Major  contracts,  totalling  almost  $700 
million  are  well  under  way  and  are  moving  along  on  schedule. 

To  remove  the  millions  of  tons  of  rock,  all  five  contractors 
chase  Joy  equipment  proof  of  the  dependability  and  profit¬ 
ability  of  Joy  air  compressors  and  rock  drills. 

If  you’ve  got  a  job  coming  up  -  large  or  small — that  has  to 
move  on  schedule,  see  your  nearest  Joy  distributor.  He’s  a 
good  man  to  know. 
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chosen  for  lliogara,ono  of  world' s 
largest  rock  removal  jobs 


JOV  WN-224  COMPRESSORS-These  big  units  pro¬ 
duce  3700  cfm  each.  Thirteen  of  these  package- 
type  machines  are  being  used  by  four  contractors. 
Notice  the  compact  design  and  the  simple,  relatively 
light  foundations.  Installation  was  quick  and  easy 
because  the  compressors  arrived  at  the  site  com¬ 
pletely  assembled. 


JOY  RP-900  ROTARY  PORTABLE  COMPRESSORS- 

These  portables  are  big  and  rugged— supply  900  cfm 
each.  Even  in  Niagara's  extreme  weather,  a  thermal 
by  pass  valve  in  the  oil  cooler  system  assures  ade¬ 
quate  lubrication  in  cold  weather.  Joy  rotaries  operate 
in  low  temperatures  that  would  keep  other  portables 
shut  down. 


TWENTY-SIX  LARGE  DRILLS  USED  .  .  .  JOY  CHAL¬ 


LENGERS— With  cuts  as  deep  as  200  feet  to  make, 
the  Niagara  |ob  requires  big  drills.  Twenty-six  of  these 
Joy  TWM-5  Challengers  are  being  used.  Mounting  the 
powerful  630  lb.  TM-500  drifter  drill,  the  Challengers 
are  punching  4'  and  4>4*  holes  down  to  30'  deep 
without  a  steel  change. 


I  JOY  TDM  TRAC-DRILLS— Eight  of  these  fast-moving 
I  TOM'S  mounting  TM  450's  and  TM-500's  are  being 

I  used,  along  with  nine  Joy  wagon  drills  that  mount  the 

^M^^^Joy  TM-400  drifter.  These  TRAC-DRILLS  work  right 
VHIB^alongside  the  larger  Joy  Challengers,  drilling  3‘/i* 
and  4*  holes. 


JOY  CONSTRUCTION  EQUIPMENT  IS  SOLD 

AND  SERVICED  BY  THE  JOY  DISTRIBUTOR  IN  YOUR  AREA. 


C  7417-awi 
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PortJbie 

Tunpten  Cirbide 

Hand-Heid 

Compressors 

Trie  Oriils 

Rock  Bits 

Rock  Drills 

Joy  Manufacturing  Company 
Olivor  Building,  Pittsburgh  22,  Pa. 

In  Conodoi  Joy  Monvfacturing  Company 
(Canada)  Limited,  Galt,  Ontario 
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J.  Erik  Jonss€»n 

CHAIHMAN  OK  IIIK  HOAHD 

TKXAS  INSTMIMKMS  INCOHI'OHATKI) 

A  Hi  ft^rapky 

Ji  uiK  joN.ssoN,  the  'I'exas  Swede  who  parts  his  name  on 
tlie  side  and  steadf  astly  elinj^s  to  its  Sweilish  spellini', 
•  is  ehainnan  ol  the  hoard  of  Texas  Instruments  Ineor- 
porati‘d,  in  Dallas,  Texas.  For  a  wonld-he  journalist,  he 
has  gone  far  and  far  afield. 

This  ehainnan  of  the  l)oard  of  a  mnslirooining  elee- 
tronies  eompanv  was  horn  in  hrooklyn,  Nt‘w  York,  where 
his  father  ran  a  eoml)ination  eigar,  ina^a/iiu-,  and  stationery 
store.  \\  hen  Krik  was  tweU**.  tin*  familv  mo\t*d  to  Mont¬ 
clair,  .New  |ersev.  and  it  was  there  he*  was  inspirc'd  hy  a 
dedieatc'd  tc'aeher  to  einhark  on  a  jonrnalistie  career.  With 
snilieic-nt  erc'dits  to  graduate*  from  high  school  in  thrc*c* 
\»*ars,  he*  lonncl  thc*sc*  erc*clits  insnlfieic*nt  f<»r  admittanec*  to 
the*  c*stc*c*inc*cl  (a)hnnhia  School  of  Jonrnalism  aero.ss  the 
lincison.  llowc*\c*r,  from  the  hands  of  fate*,  it  sc*c*ms  he  re- 
cc*i\c*cl  in  the*  mail  one  day  a  catalog  from  Itensselac'r  I’oly- 
tec'hnic*  Institute. 

Iimoeent  of  any  contact  with  physics,  chc*mistry,  solid 
g(*omc*trv,  or  trigonometiy,  it  appc*art*d  th.it  he*  was  an  c*\c*n 
lc*ss  likely  candidate*  for  111*1,  hut  thc-y  dc*ciclc*cl  to  admit  him 
with  hc*ayy  conditional  rc*cphrc*mc*nts.  With  a  little  monc*y 
saved,  .mil  some*  hc*lp  from  his  parc*nts,  Krik  was  forec*cl 
largi*ly  to  work  his  wav  through  c*ollc*gi*,  a  task  which  he 
fc*t*ls  now  is  unwise*  hiv.insc*  it  t.ikc*s  so  much  time*  that 
c*ould  otherwise  he*  used  for  study. 

Jonsson  st.utc*cl  work  tor  the  Aluminum  Caimpany  of 
.•\mc*rica  imnu*diately  altc*r  hi*  rc*c  1*1x1*11  a  dc*grcv  in  mi*chan- 
ical  enginc*i*ring  at  Itl’l  in  lf)22.  lie*  lu*g.m  work  for  a  ni*wly 
formc*cl  company  callc*cl  (a*oph\ sical  Si*r\  ice*,  Inc*.,  in  Ifk'lO. 
(iSl  w.is  .si*t  up  to  si*.uch  for  oil  and  gas  di*posits  unclc'i 
contract  to  major  proihicc*rs,  and  it  w  .is  one*  of  the  pioni'iMS 
in  the  use*  of  the*  ri*flt*ition  si*ismogr.iph  lor  oil  and  gas 
exploration. 

Home  hase  for  (iSI  initi.illy  was  Newark,  Ni*w  Jersey, 
hut  hc'cause  oil  industry  roots  wc*re  in  the  Southwest,  oper¬ 
ations  were  movc  il  to  D.ill.is  in  19V1.  |onsson  scmvc'cI  as 
laboratory  supc*rinti'ndcnt  of  (iSI,  and,  progri*ssi\c*ly,  be¬ 


came  secretary;  vice  president  and  treasurer;  and  in  1950, 
he  was  made  president  of  the  c*ompany. 

In  the  late  thirties  (iSl  engaged  in  some  oil  production 
for  its  own  account.  This  constituted  compc'tition  with  its 
own  markc't  so  when  the  owners  .sold  their  oil  interests  to 
a  major  company  and  their  geophysical  interests  to  Jonsson 
and  a  fi‘w  associates,  (kSl  became  a  purely  professional 
company  and  i*ngagc*d  in  no  further  oil  exploration  for  its 
own  ac*count.  The  clay  this  transaction  was  consummatc'cl 
was  Decc*mbc*r  6,  1941.  Thereupon  exploration  activities 
almost  evased  as  the  nation  went  to  war  and  the  future  of 
the  company  appeared  problematical. 

CiiDphysical  Si*r\ice  made  use  of  its  production  know¬ 
how,  acipuri*d  in  yi'ars  of  dc*signing  and  making  the  instru¬ 
ments  tor  its  c'xploration  activities,  by  taking  on  some  con¬ 
tracts  for  the  Signal  Cairps  and  the  Navy’s  Hnri‘an  of  Ac*ro- 
nautics.  Shortly  after  World  War  11,  Jons.son  and  his  asso- 
ciatc*s  decidc'd  to  continue  this  activity. 

Ultimately,  the  i*lc*ctronic  instruments  bnsinc*ss  expanded 
so  tar  that  Texas  lnstrunu*nts— Tl,  as  the  Tc*xans  call  it  — 
bc*canu*  the  parent  corporation,  and  (a*ophvsical  Service* 
one*  of  .sevi*ral  subsicliaric*s.  Products  and  .serv  ice's  range* 
from  gi'ophysical  exploration  for  oil  to  the  clc*sign  and  manu¬ 
facture*  of  elc*ctromi*chanical  svsfc*ms  (such  as  radar,  sonar), 
i*lc*ctronic  components  (such  as  the  minute  and  rc*yolution- 
ary  transistor  and  c)thc*r  .semiconductor  dc*v  icc*s)  pins  geo¬ 
physical  and  indnstrial  instrumentation.  Hc*cau.sc*  of  its 
exploration  activities.  Tl  is  an  explosive's  consumer,  one*  of 
the  fi*w  in  the  c*li*ctronics  industry. 

•Mr.  Jonsson  si*rvi‘d  as  president  of  Tl  from  19.50  to  19.5S, 
when  he*  was  elc‘ctc*d  chairman  of  the  board  of  dirc*ctors. 
bc'sidc's  his  active*  p.irticip.ition  in  this  eompanv,  Jonsson 
.serv  es  as  a  dire*ctor  of  the*  Kijuit.ible*  Life*  Assurance  Socic'tv 
of  the  Uniti'd  State's,  the*  Hi'public  N.itional  Hank  of  Dallas, 
and  the  Dallas  Power  6;  Light  (Company;  chairman  and 
pri'sident  of  the*  (iraeluate  Hc'.search  (.'enter  of  Southi'in 
.Mc'thodist  Unix  I'rsity;  and  chairman  of  the*  board  of  trusti*es 
of  the*  llockaday  School,  a  private  girls’  school  in  Dallas. 
He*  .servi'd  as  pre*.siele*nt  of  the  Dallas  (,’hambi*r  of  ('om- 
mi'ice  in  19.57  and  19.5S  and  is  currently  chairman  of  the* 
board  of  the*  Dallas  Symphony  Orclu'stra.  He  serve's  as  a 
me*mbe*r  ol  the*  .\dv  isory  (amnnitte'e*  of  the*  Dallas  Pilot 
Institute*  for  the*  De*af.  and  he*.idi*el  D.illas’  Junior  Achii've*- 
ment  drive*  l.ist  ve*ar 

To  Krik,  “The  Boss”  is  Margaret  Konele  Jonsson.  They 
wi'ie  m.irrie'd  in  Knoxv  ille*,  Te'unessiv,  in  192.'3.  Their  two 
sons,  Philip  .inel  Kenne'th,  are  graduate's  of  .MIT.  Phil  is  an 
inde'pendent  oil  operator  in  .Midland.  Texas;  Ken  is  regional 
supervisor  in  TKs  West  (aiast  markc'ting  offiee.  Daughtc'r 
.Margarc't  Klle*n  is  now  a  stnde'iit  at  Southi*rn  Mi'thodist 
University  in  Dallas. 
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SAFETY  IN  THE  MINING,  QUARRYING,  AND  CONSTRUCTION  INDUSTRIES 
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Metals  in  the  Cupboard 

Tilt*  Deffiisc  Department,  together  with  some  other 
Federal  ageiieies  concerned  in  the  matter,  has  begun  a 
review  of  (anernment  policies  in  stockpiling  strategic 
metals.  The  purpose  of  the  review  is  to  determine  what 
changes,  if  any,  are  lu^eded  to  make  our  policies  c-onform 
to  the  needs  of  modern  warfare  based  upon  missiles  and 
complicated  ehTtronic  ecpiipment  as  well  as  other  weapons 
of  the  missile  ag.*. 

C^onci'ivablv,  the  results  of  the  review  could  call  for  some 
far-reaching  chang«‘s  in  our  inventories  of  metals.  Stock¬ 
piles  now  are  bast'd  upon  the  need  for  guns,  ships,  tanks, 
and  maimed  aircraft.  Thest*  weapons  retpiire  great  (juanti- 
fies  of  the  metals  we  normally  associate  with  warfare,  that 
is,  iron,  steel,  and  copper,  but  the  retpiirements  for  missile 
warfare  are  very  dillerent. 

'I  his  determination  of  the  Defense  Department  to  review 
its  stockpiling  jxilieies  and  bring  them  in  line  with  the 
prest'iit-dav  lu'cds  is  a  development  of  which  the  American 
mining  industrv  should  be  aware.  Two  developments  are 
likelv;  first,  stockpiling  of  somt*  metals  now  not  so  treated 
will  bring  additional  demand  for  them;  second,  there  may 
be  sharp  changes  in  the  (piantities  of  metals  re<juired  of 
those  now  being  stockpiled. 

Among  the  metals  which  has  t'  recc'iitly  assumed  strategic 
impoitance  are  molvbdenum,  titanium,  vanadium,  beryl¬ 
lium,  tnngsten,  and  germaninm.  Metals  now  considered 
strategic,  and  for  which  more  than  likelv  less  tonnages  will 
be  considerr'd  r'ssential,  are  magnesinm,  alnmiimm,  and 
iron. 

'I'wo  important  characteristics  which  the  designers  are 
strising  for  an'  high  strength  with  light  weight,  and  high 
tt'inju'ratnre  resistance  coupled  also  with  light  weight. 

Tlu'  American  Mining  (amgress  reports  that  the  revit'w 
ol  policies  will  be  similar  to  tlu'  proit'dnre  followr'd  uiuh'r 
tlu'  (’ontrolh'd  Materials  Plan  in  World  War  II.  .Militarv 
men  will  jiresr'iit  sclH'dnles  of  th('ir  anticipated  rinpiire- 
ments  to  the  Hnsiness  and  Deb'nst'  St'i  vices  Administration, 
which  will  then  calcnlatr'  for  the  Office  of  ('i\  il  aiul  Defense 
.Mobili/.ation  the  amounts  of  materials  lu'cded. 

F.lfects  of  the  tlecisions  re;iclu'd  bv  tlu'si'  agencies  are 
likelv  to  be  felt  in  the  domestic  markets  for  metals,  in¬ 
creasing  (h'lnands  for  some  and  decreasing  takings  of 
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others.  Probably  the  most  astonishing  change  likelv  to 
c-orne  about  is  that  metals  just  won't  be  rerpiired  in  the  tre- 
nu'ndous  (piantities  which  we  ha\e  come  to  associate  with 
warfare.  A  new  kind  of  war  is  on  the  planning  boards, 
which  d(M's  not  nt'ed  iron  and  steel  in  the  staggering  (pian- 
titii's  of  World  Wars  I  and  II. 

Federal  Coal  R  eseareb 

Director  of  the  Bureau  of  .Mim's  .Marling  J.  Ankenv 
recentlv  appt'ared  Ix'fore  tiu'  .Mines  SubcommitttH'  of  the 
Interior  C'ommittee  of  the  House  of  Bt'presentatives  to 
testify  conct'rning  bills  providing  for  F('deral  n'st'arch  on 
coal.  A  number  ol  bills  have  Imen  submittt'd  to  the  pr('sent 
(.'ongress,  both  in  the  .Senah'  and  tlu'  House,  which  would 
establish  a  new  agenev  to  conduct  c-oal  rt'search.  The  pur¬ 
pose  of  most  of  tlu'  bills  is  to  develop  lu'w  uses  for  coal  and 
to  increase  existing  use's  of  that  mineral.  Ortainlv  thes(' 
objt'ctives  are  much  to  Ix'  dt'sirc'd  bv  all  concerned,  and  we 
hope  that  they  can  Ix'  furthered  in  some  wav.  Director 
Ankeny,  hovvex  er,  opposi'd  the  creation  of  a  lu'w  agenev  for 
(“oal  research,  saying  that  such  work  should  be  carried  on 
by  the  Unitt'd  .States  Bnrt'au  of  .Miix's.  He  point('d  out  that 
tlx'  Bureau  is  alrt'adv  s('t  up  for,  and  is  conducting,  research 
on  lu'w  uses  for  aial  and  that  a  separate  agc'ucv  as  proposi'd 
w<xdd  be  a  wasteful  duplication  of  facilities. 

The  Bureau  has  a  long  historv  of  work  on  coal.  Much  of 
its  work  rightly  has  Ix'i'n  directed  toward  the  prevention 
of  accicU'iits  in  miix's.  and  while  occasionallv  we  have  dif- 
fer('d  with  some  of  tIu'  decisions  of  the  Bnrt’au  we  would 
Ix'  the  first  to  say  that  its  work  has  greatlv  increased  safety 
and  saved  liws  in  the  mining  of  bitnmiixxis  and  anthracite 
coal  as  wt'll  as  otlu'r  mining. 

It  is  the  Bnrt'an’s  pnxid  contention  that  there  has  iu'V('r 
Ix'i'n  a  fatal  acx'ident  inxob  ing  the  use  of  permissible  e\- 
plosixes  in  a  pt'rmissible  way.  The  Bureau’s  rc'search  on 
safety  has  done  much  for  the  industry,  and  in  no  other  wav 
('(xild  such  strides  have  Ix't'ii  accomplished.  It  is  to  be 
hoped  that  P'edend  rt'search  on  coal  uses,  howexer,  xvould 
not  hampt'r  the  research  of  prix  ate  mining  companies  and 
other  C'or]X)rations,  for  xve  belit've  the  greatest  results  xvill 
I'onx'  from  prix  ate  industry’s  rt'st'arclu's.  and  xve  trust  this 
prixate  effort  xvill  contimu'  unabated  Ix'cause  therein  lies 
tlx'  gR'att'st  hope  for  the  incr('ased  c'onsumption  of  coal. 
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Drilling  and  Blasting  at 
Tlie  JacWpile  IMlne 

A  resume  of  some  experiments  to  determine  the  mf»st  economical  method 
of  removing  overburden  at  the  world's  largest  open>pit  uranium  mine 


Not  inanv  vears  ago  the  Pueblo 
Indians  on  the  Laguna  Reserva¬ 
tion  in  New  Mexico  went  inatter-of- 
factlv  about  the  routine  of  eking  out 
a  lixing  from  the  soil  of  their  reserxa- 
tion  l)v  fanning  and  tending  their 
herds.  Todav  many  of  them  c-ontinue 

•llcrt'ulcs  I’owdcr  Company 
AlluKjufrnue,  New  Mexieo 


11.  n.  HK.VHON 

to  extract  their  livelihood  from  the  soil 
but  not  bv  agricultural  pursuits— they 
are  shovel  runners,  crane  operators, 
jmwder  men,  tractor  operators,  or 
jockeys  of  huge  Hues  as  full-time, 
skilled  employes  at  the  largest  open-pit 
uranium  mine  in  the  world.  But  that 
is  only  part  of  the  storv  of  the  fabulous 
Jackpile  Mine  operated  by  The  .\na- 


conda  Ca)mpanv,  whose  headfjuartcrs 
are  in  New  York  (a'tv. 

The  Jackpile  .Mine  is  located  on  the 
Laguna  Indian  Hes<Tyafion  in  N’ah'u- 
cia  CJountv,  New  .Mexico,  about  .50 
miles  west  of  Albu(|uer(pie  on  High¬ 
way  (Mi.  Anaconda’s  interest  in  this 
area  began  in  19.50  when  it  started  an 
intensixe  exploration  program  in  the 


THE  J.ACKPTl.E  MINE*.  An  aerial  view  of  the  world’s  largest  open-pit  uranium  mine  operated  by  The  Anaconda  Company  on  the  I.aguna 

Indian  Reservation  about  .'SO  miles  west  of  Albuquerque,  New  Mexico. 
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I'KANIl'M  (!()l'NTKY:  It  wus  thrnuKh  this  desolate,  yet  dramatically  beautiful,  country  that  Anaconda's  prospectiiiK  teams  traveled  in  their 
search  for  uranium.  Aerial  prospecting  over  the  I.aKiina  Reservation  led  to  the  discovery  of  the  huKe  open-pit  Jackpile  Mine. 


A(;TI\  ITY  IN  TIIK  IMT:  While  a  Moricl  HJOO  P  &  II  shovel  with  a  6-cu.  yd.  dipper  loads  blasted  overburden  into  a  22-ton  Kuclid  the  drilling 

and  blasting  crews  are  busily  preparing  for  another  blast. 
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\icinitv  of  Cirants,  shortly  after  tlie 
iliseoverv  of  the  Ha\  stack  uranium 
clt'posit  hv  an  Indian  prospector. 
.\erial  prospecting  was  e.vtended  east¬ 
ward  to  other  areas  after  somewhat 
discouraging  results  in  the  \  icinitv  of 
Grants.  It  was  late  in  1951  that  the 
airborne  instruments  picki'tl  up  some 
encouraging  signals  over  the  Laguna 
Heserxation,  and  ground  crews  were 
immediately  dispatched  to  map  the 
area  and  to  take  samples.  This  was 
the  area  that  was  to  become  tlu'  Jack- 
pile  Mine,  named  in  honor  ot  John 
Knaehel  wlu),  at  the  time  of  the  dis- 
co\erv  on  the  Laguna  Heservation, 
was  .\nac-ontla’s  manager  of  operations 
in  Ni'w  Mexico  and  the  spark  that  kept 
the  search  for  uranium  going  despite 
the  earlv  disappointments  experienced 
at  Grants. 


FAploration 

In  order  to  fiillv  evaluate  the  worth 
of  the  discovfiv,  an  intensive  explora- 
torv  drilling  program  was  undertaken. 
These  initial  test  bores,  using  both  dia¬ 
mond  drills  and  rotarv  air  drills,  indi- 
catetl  a  deposit  ot  nranium  ore  of 
major  importance.  Drilling  grids  based 
on  l(K)-ft.  centers  were  started  imme- 
iliatelv  and  a  large  orebodv  was  r«‘- 
M'aled  bv  this  adtlitional  work.  The 
test  cores  showeil  that  the  on'boilv 
\  ari(‘d  from  2  ft.  to  as  much  as  40  ft. 
in  thickness  while  the  oveibnrdi'ii — 
a  sandstone,  mudstone,  shale  forma¬ 
tion-ranged  between  100  and  dOO  ft. 

Kxploratorv  nnderground  mining 
was  undertaken  on  a  limited  scale  in 
order  to  check  drill  hole  samples  and 
to  determine  the  teasibilifv  of  this  tvpe 


DKII.I.INCi  ()\'KKKl'HI)K\:  Sevt-raf  different  types  nf  drills  are  used  in  inakiiiK  drill  holes. 
Here  a  Joy  59  HI  I  lleavyss'eiRht  (Champion  is  drilliiiR  a  6  S-in.  hole  in  the  sandstone  and  shale 
overburden.  Winter- Weiss  Porta  and  FailiiiK  ('BH  rotaries  are  also  used  for  this  work. 


BI.ASTING  1)1A(;KAM:  So  that  all  tests 
would  be  csindiieted  on  a  fair  and  impartial 
basis,  a  strippiiiK  area  was  set  aside  and  the 
overburden  divided  into  sections.  This  ilia- 
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of  oporatioii.  After  this  trial  period 
of  undergrouiul  work  it  was  deciilecl 
that  In-eause  of  the  spottv  nature  of 
the  deposit,  eliinination  of  a  diffieult 
nM)f-support  problem,  and  the  possi- 
hilitv  of  uncovering  more  ore  deposits, 
the  open-pit  method  was  the  most  ect)- 
nomieal  and  effective  wav  to  obtain 
the  maximum  amount  of  uranium  ore. 


Overburden 


Drilling 
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ITII'.  riUMl'ill:  ITirff  cartTidKt.'!>  of  40','  st'iiiiRclatiii  civiiainiTc  laced  with  plain  Primacord 
siTM-d  as  the  primer.  Primers  were  attached  to  the  Primacord  after  evers’  KM)  lb.  of  l)>na‘ex, 
a  low-cost,  ready-to-iisc‘  blasting  agent,  was  [Mnired  into  the  holes. 


The  overburden  consisted  of  sand¬ 
stone  interspersed  with  mudstone  and 
shale.  The  ground  is  variable  aiul  has 
lots  of  surface  erttsiou  and  weather 
cracks,  which  make  drilling  and  blast¬ 
ing  difficult.  The  Dakota  formation  is 
vcrv  hard  and  abrasive,  and  causes 
extreme  wear  on  the  drill  bits. 

Originallv,  a  contract  was  let  to 
Isbt'll  (Construction  (Companv  tor  the 
stripping  of  the  overburden  to  within 
20  ft.  of  the  orebodv;  .\nac-onda  was 
tlu'ii  to  remove  the  remaining  over- 
burdi'ii  and  the  uranium  ore.  hater  in 
the  operations  .Anaconda  took  o‘  er  the 
work  of  removing  both  the  overbur¬ 
den  and  the  ore.  The  bench  method 
of  drilling  and  blasting  was  used  to 
remove  the  overburileu,  with  the 
benches  varving  in  height  from  30  to 
4.)  ft.  in  order  to  take  advantage  of  tin* 
various  strata  in  the  waste  terrain. 


K ASV  I.OVDINCi:  The  rciulv-lo-iise  l)>nalc\  eliminated  the  mixing  of  explosives  ingredients 
on  the  job  site,  the  danger  ol  Kre,  the  overall  uncleanliness,  and  fuel  oil  damage  to  the  clothes 
and  shoes  of  the  men  responsible  for  the  blasting. 


Drilling  in  the  ov**rburtlen  is  done 
bv  sevt-ral  dillerent  tvpes  of  drills.  .A 
Jov  oO  fill  I leav vweight  (Champion 
drills  the  ffA-  and  Tvin.  holes.  A  W’inter- 
WViss  I’orta  drill,  mounted  on  a  DO 
(C.iterpillar,  drills  0'»-  and  (fA-in.  hoh*s 
while  Failing  (CHli  rotaries  drill  4A-in. 
holes.  A’arel  bits  are  used  on  the  Jov 
drill  and  average  l.tKH)  ft.  of  penetra¬ 
tion  through  the  overburden  befon* 
changing.  I  he  I  ri-ct)ne  roi  k  bits  used 
on  the  W’iuter-W’eiss  will  drill  from 
1.2(K)  to  1,.A(H)  ft.  through  the  sandstout* 
and  sh.ile  before  rt'placement  is  neces- 
sarv.  Iiigersoll-Hand  |ackhamers  are 
used  in  tlu*  drilling  operations  for  the 
small  amount  of  secoudarv  blasting 
retjuired. 

•Since  explosives  are  an  important 
cost  item  in  the  operation  of  the  jack- 
pile  .Aline,  careful  attention  is  given  to 
•ill  phases  of  drilling  and  blasting. 
Management  is  ever  seeking,  and  ex- 


pfriiiu-iitiiig  with,  new  methods  and 
products  that  w  ill  enable  it  to  produce 
iiraninm  ore  at  the  most  economical 

Ct)St. 

For  a  time  the  Laguna  operation 
used  ammonium  nitrate  prills  mixed 
\\  ith  diesel  fuel  oil  as  a  blasting  agent 
r’xclusixely  for  the  remo\al  of  oxer- 
burden  and  extraction  of  the  ore. 
W  bile  the  results  were  generally  satis- 
factorx  and  the  low  cost  more  than 
an  item  of  interest,  there  were  several 
undesirable  features;  the  rerpiire- 
ments  of  mixing  explosives  ingredients 
on  the  job  site;  the  danger  of  fire;  the 
overall  uncleanliness;  and  the  fact  that 
the  fuel  oil  damaged  the  clothes  and 
shoes  of  the  blasting  crews. 

At  the  mine  site,  .\nact)nda’s  officials 
ri'cently  conducted  a  series  of  tests  in 
which  ammonium  nitrate  prills  and 
diesel  fuel  competed  against  Dvna- 
tex,®  a  low-cost,  readv-to-use  nitro 
larbo  nitrate  blasting  agent  recentlv 
introduced  to  the  open-pit  mining  and 
(juarrving  industries.  The  explosives 
representatives,  with  the  cDiisent  and 
coo[)erati()n  of  John  llenulon,  super¬ 
intendent  of  the  jackpile  ,\iine,  made 
.1  coinpU-te  studv  .ind  analysis  of  the 
bnrdt'ii  ami  of  the  sp.icing  and  loailing 
procedures,  ami  observed  the  results 
obt.iineil  when  blasting  with  ammo- 
ninin  nitrate  prills-diesel  fuel  mixture. 

Then  an  are.i  w.is  chosen  for  the 
test  blasts,  whieh  consisted  of  a  stv- 
tion  of  the  pit  whi-re  the  rock  was  a 
very  heavily  betlded,  gray  sandstone 
containing  numerous  minor  faults  and 
ilift  lines  and  tended  to  block  out 
badlv.  riie  ammonium  nitrate  prill- 
diesel  oil  blast  was  based  on  the  c»)m- 
panv  s  standard  procedure,  holes  being 
(v'»  in.  in  diameter  with  .i  burden  of 
2()  ft.  Sp.uing  between  the  holes  was 
12  ft.  Holes  averageil  4o.5  ft.  in  tlepth, 
which  includeil  4  ft.  of  subdrilling.  .-Vll 
holes  were  loatled  with  a  solid  column 
of  the  mivture  to  within  20  ft.  of  tlu“ 
eoll.u.  Four  feet  of  stemming  sep- 
.ir.iled  the  deck  load  consisting  of  3  ft. 
or  2)  11).  of  prills.  The  remainder  of 
the  hole  was  stemmed  with  drill  cut¬ 
tings.  The  loading  factor  was  2..5  tons 
of  (Aerburden  to  each  pound  of  the 
prill-die.sel  oil  mixture.  C Charges  were 

"  I  li  rculi  s  Trailfmark 
iWcsi.  T.  S.  I’at.  Off.  by 
riu-  I-'iisi^ii-Hic'ktord  C'oiiipany 


primed  with  Primacord^  and  50-gram 
primers  platvd  on  the  Primacord  at  10- 
ft.  intervals.  MS  No.  9  delavs  were 
used  betvvtvn  each  hole.  This  prill 
blast  threw  exc-essively  and  the  back- 
break  was  c'onsiderahle,  although  the 
breakage  was  average  for  this  section 
of  tlu“  pit.  There  were  some  oversi/.es 
and  digging  was  difficult  in  plac'es. 

First  Dynatex  Test 

The  first  test  with  Dvnatex-I)  cx)n- 
si.sted  of  (fi-in. -diameter  holes,  using 
an  average  burden  of  14  ft.  with  .spac¬ 
ing  averaging  2.3  it.  (The  bad  back- 
break  from  a  former  blast  necessitateil 
the  u.se  of  a  light  drill.)  The  resulting 
explosives  factor  was  2.41  tons  of  over¬ 
burden  to  1  11).  of  Dvnatex-l).  .\verage 
depth  of  holes  was  45.5  ft.  The  prim¬ 
ing  and  firing  procedure  was  the  same 
as  for  the  prill  blast.  Observers  felt 
that  the  results  from  the  Dvnatex-l) 
blast,  which  used  increased  spacing, 
were  exc'ellent  and  the  backbreak  was 
improved  so  that  the  larger  Jov  drill 


c-ould  be  used  aud  a  greater  burilen 
obtained  for  the  next  blast. 

.\  tabulation  of  the  results  of  this 
test  blast  shows: 

lable  I  Test  No.  1 


l)s  natrs-l) 
HUsI  1 

TvpK**l 
PHIIk  KU»I 

.Aver.ige  spacing,  ft. 

23 

12 

.Average  biinlen,  ft. 

14 

20 

.Average  depth  of  holes. 

ft.  4.3.5 

4.3..3 

Tons  of  rock  per  hole 

91() 

683 

Tons  iH-r  ft.  of  drill  hole 

20.1 

1.3 

Tons  iH‘r  lb.  of  explosive) 

i  2.41 

2.5 

.\  comparison  of  these  figures  shows 
that  the  use  of  l)vn;ifi'x-D  proilueed 
34V  more  tons  of  rock  per  foot  of  ilrill 
hole. 

Cmnpetitive  Tests 

Further  tests  were  indic;ited  to  see 
if  the  avlv.mtages  shown  in  the  initial 
Dvnatex  blast  would  amtinue  under 
v;irv  ing  conditions.  It  was  also  desir¬ 
able  to  .see  just  the  maximum  spacings 
th.it  could  be  obtained  bv  using  am- 
inonium  nitrate  prills-diesel  fuel  oil 


H()()KIN(;  I'l’;  All  holes  ssere  eonneeted  to  a  trunk  line  of  plain  Primaeoril.  wliieh  was 
detonated  by  a  sinxle  electric  blastiiiK  cap.  The  firing  between  holes  was  delayed  by  the  use 
of  No.  9  .MS  delays.  Results  of  the  blasts  using  Dynatex  were  excellent. 
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rill-  ri{()(  I'NSINC.  IM  \NT:  Tht*  uranium  oir  iroiu  the  Jackpile  Mine  i»  transported  in  Kondola  tars  by  tlie  Santa  Ke  Railroad  to  the  protessiiiR 

plant  at  Bluewater,  Ness-  Mekico,  about  40  miles  from  the  mine. 
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mixtures.  In  order  to  give  a  fair  and 
impartial  test  a  stripping  area  was  set 
aside  and  the  overburden  divided  into 
seetions  so  that  neither  tvpe  of  explo¬ 
sive  would  gain  any  advantage 
through  natural  formation  conditions. 
The  details  of  these  two  tests  tare 
shown  in  Tables  II  and  III. 

Observers  witnessing  test  No.  3 
were  of  the  opinion  that  the  prill  sec¬ 
tion  of  the  blast  was  reasonablv  good 
Imt  not  so  well  broken  as  the  Dvnatex 
section.  It  was  felt  that  the  .spacing 
used  in  the  prill  area  representt'd  the 
maximum  distances  that  could  safelv 
be  used  with  I’.iis  txpe  of  explosive. 

.\  fourth  test  was  planned,  using 
onlv  Dvnatex- H  loaded  in  two  rows 
of  6?i-in.  holes.  The  burden  was  Ifi  ft. 
for  one  row  and  17  ft.  for  the  other. 
Spacing  of  2S  ft.  and  depth  of  4S  ft. 
were  the  samt*  for  both  rows. 

Laguna  Indians 

One  of  the  outstanding  features  of 
the  Jackpile  Mine  is  the  unusuallv  fine 
relations  between  the  Laguna  Indians 
and  the  mine  management.  Earlv  ne¬ 
gotiations  w  ith  the  Indians  provt'd  the 
sinceritv  and  integrity  of  .\naeonda 
when  an  agreement  cosering  the  u.se 
of  their  reserxation  met  with  instant 
approval  of  the  Bureau  of  Indian  .af¬ 
fairs  of  the  Department  of  the  Interior. 
In  addition  to  providing  royalties  or 
monetary  consideration  for  the  devel¬ 
opment  and  use  of  their  land  and 
the  uranium  ore.  the  agreement  also 
providi'd  for  the  employment  of  th»' 
Laguna  Indians  in  whatever  jobs  they 
could  (jualifv  for.  Lc‘ss  than  five  vc*ars 
ago  a  training  program  was  institutc'd 
to  familiarize  the  Indians  with  the 
hea\  v  mining  e(|nipment  and  to  teach 
them  how  to  use  it.  Today,  about  275 
are  emplovc'd  at  the  mine.  These  La¬ 
gunas  ha\  (‘  dcw  elopc'd  into  competent 
opc'r.itors  of  all  the  modern  ecpiipment 
necessary  lor  the*  ellicicMit  running  of 
the  mine.  Much  of  the  office  force  such 
as  the'  cleric-al  and  stenographic'  lu'lp 
are  also  from  the  reservation.  In  fact, 
the*  oiiK  non-Indian  emplovi's  are  a 
few  mechanics  and  the  supc'rsisorv 
force.  The  Indians  commute'  to  the' 
mine'  from  sc'veral  small  sillagc's  lo- 
catc'cl  within  a  15-mile  area. 

Anacojula  has  pros  idecl  for  the  com¬ 
fort  of  its  supervisory  force  bv  build¬ 
ing  IS  modem  homes  completely 


c'cjuipjX'cl  with  all  of  the  latest  hou.se- 
keH'ping  c'onvenienc'es.  Not  too  distant 
from  the  home's  is  an  area  set  off  for 
tennis  ex)urts.  a  playground  for  chil¬ 
dren,  and  a  plac'e  for  picnics.  .schexd 
building  is  also  bt'ing  built. 


The  men  responsible  to  .\nacxmela 
for  the  opc'ration  of  the  Jackpile  Mine 
are:  Albc'rt  J.  Fitch,  manager,  Nc'w 
.Mc'-xic-o  opc'rations;  J.  P.  Herndon, 
mine  superintendc'nt;  and  Floyd  Bal- 
entine.  assistant  superintendent. 


Table  II 

Test  No.  2 

DYNATF.X  SECmON 

Total 

Dsnates-B 

T«<tal  Feet 

lloir  Nos.  Diameter 

Space 

Burden  l>epth 

Tons 

Total  lx>ad 

Urill  Hole 

17  to  2!^)  6*4  in. 

26 

17  46 

16,510 

6,.52.5 

.508 

to  .52  6*4  in. 

26 

16  46 

27.508 

8,705 

1,0.58 

44,018 

1,5..120 

1 .656 

R.itio;  2.87  tons  jx'r  lb.  Tons  per  : 

ft.  of  drill  he'lc;  26.4 

PKII.L  SECTION 

Total 

Prills 

Total  Feet 

Hole  Nos.  Diameter 

Sp«cr 

Burden  IVpth 

Tims 

Total  l.oad 

Drill  IIiiIf 

1  to  16  6*4  in. 

14 

20  46 

12,880 

.5,120 

7.16 

R.ilio:  2. .51  tons  per  H>.  Tons 

jK'r  ft 

.  of  drill  bole;  17. .5 

Table  III 

Test 

No.  .3 

DYNATEX 

SECTION 

Av«. 

Aar. 

Total 

Prills 

Total  Eret 

Hole  Nos. 

Dianirirr  Riirdrn 

Space 

Depth 

Tone 

Total  1  oad 

Drill  Hole 

1  to  14 

6*4  in.  16 

26 

48 

17,472 

6.21.5 

672 

18  to  .31 

6*4  in.  1.5 

26 

48 

16,3.80 

6,320 

672 

33.8.52 

12,.5T5 

1.311 

R.itio:  2.78  tons  iror  lb.  Tons  per  ft.  of  drill  bob':  25.2 

FRII.E  SECTION 

Asg. 

A\k. 

Total 

Prills 

Total  Eeet 

Hole  Nos. 

DiamHrr  Burden 

spate 

IVpth 

TonA 

Total  l.oail 

Drill  Hole 

15  to  17 

6*4  in.  14.0 

21.7 

47 

2,819 

1,2(K) 

1  II 

32  to  46 

6*4  10.  14.0 

21.7 

17 

14.215 

6.(KK) 

705 

17.004 

7,2(KI 

816 

R.itio;  2.37  1 

tons  jxT  11).  Tons  por  ft.  of 

drill  bob 

!■:  20.2 

Fable  l\ 

Test  Ne).  4 

Al  l.  HOLES 

LOADED  WITH  DYNATEX-B 

Total 

Da  nateV'H 

Total  Eeet 

Hole  \oA. 

Diameter  Burden 

Space 

IVpth 

Ton« 

Total  l.4»ad 

Drill  Hole 

1  to  43 

6*4  in.  17 

28 

48 

61,101 

10,730 

2.061 

I  I  to  66 

6*4  in.  16 

28 

48 

.30,012 

1 1 ,060 

1,104 

02,316 

31,600 

.3,168 

Ratio;  2.01  tons  jx-r  lb.  I)ynatt'\-H. 

Tons  jxT  ft. 

of  drill  bob-:  20. 1 
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(’KMF.NT  IN  TIIK  FA'F.lIf^l.ADFS:  Arrial  view  of  the  new  I.ehiKh  Portland  Oment  ('ompanx  plant  l(M>kinK  southwest. 


Mod  ern  Inaustry  In  TKe 
FI  oriaa  Fver^laJes 

Lelil(V|i  l^«»rtlanfl  ('ement  C'limpany  used  over  1,000, (MM)  eii.  yd.  of  fill 
■iiaterlal  in  ktiild  in^  a  S25>million  plant  in  swampland 


0\  tlu'  rdm*  of  flio  F\  ('r^I.idi's  in 
sontlu'rn  Kloriila  lu'ar  Miami, 
flu'  la'liiuli  Poifl.mtl  (a'liu'iit  (a)in- 
pan\  optTaft's  a  modrm  wnuMit  plant 
with  a  l  ap.u'itv  ol  2'2  million  h.irnds  ol 
ct'iiu'iif  per  voar.  I'ln's  $25,(K)().(K)0 
sfnii  tnn'  w.is  raisrd  from  tho  swamps, 
lu'.n  sc'a  l«'\  »'l  to  iM'como  an  improssix  r 
l.mdm.nk  on  tho  “Tamiami  Trail.” 
w  hit'll  spans  tho  Kvorolades  to  t'onnoof 
Miami  with  tlu'  wost  coast  of  Floritla. 

“Ilori  iilrs  l’o\\d<  r  (A)nipanv 
Hinniimhain,  Alahani.i 


C.  F.  .ARGO 

A  short  time  apo  this  land  was  in¬ 
habited  bv  alligators,  mostjnitoos  in 
fantastic  numbers,  and  the  other  w  iltl- 
life  of  th('  Fverglades.  inclnding  the 
eottonmonth  and  the  wild  boar.  Since 
it  is  close  to  the  center  of  actixitv  of 
the  Seminole  tribe,  main  Indians  live 
nearby. 

The  first  trips  to  the  plant  site  were 
maile  bv  swamp  bngg^’,  traveling  in 
as  mnch  as  4  to  7  ft.  of  the  muck  and 
water  that  covi'rs  the  entire  area.  .\p- 
proximateb'  .5(K).(KK)  cn.  \-d.  of  this 


mnek  was  removed  and  replac-i'd  bv 
T.oO.tXK)  cu.  vd.  of  linu'rock  fill  to  ele¬ 
vate  the  3.5()()-acre  plant  site  above  the 
water  level.  .An  additional  2.j0.tKK)  cn. 
vd.  of  rock  fill  raised  land  on  which 
roads  vvt're  built,  a  railroad  was  con¬ 
structed.  and  shops,  offices,  and  pre¬ 
liminary  amstmetion  bnildinj»s  vvi'ie 
instalh'd.  Altogether,  ovt'r  l.()(K).(KK) 
cu.  yd.  of  fill  material  has  been  used 
to  lift  the  land  above  the  water.  The 
excav  ation  of  the  fill  material,  produc¬ 
tion  of  stone  for  the  manufacture  of 
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cement,  and  other  miscellaneous  exca- 
\  ation  have  c'onsmned  over  1,.500,(XK) 
Ih.  of  explosix  es.  ()\  er  95.(XK)  cu.  yd.  of 
c-oncrete  along  with  11. (XK)  tons  of 
structural  and  reinforcing  steel  have 
Imhmi  used  in  the  plant  structures. 

Bv  earlv  1957,  an  access  road  had 
heeji  completed  to  the  plant  site.  The 
rock  used  in  the  1,'j-mile  road  was 
blasted  from  a  drainage  canal  running 
parallel  to  it.  The  groundwork  was 
then  laid  for  the  plant  cxjiistruction  and 
th(‘  rotarv  kilns  were  fired  for  the  first 
time  on  julv  1,  1958.  The  first  finished 
cement  was  produced  on  Julv  17  and 
the  first  shipment  was  made  on  .Au¬ 
gust  4.  The  entire  operation  — from  the 
blast  which  sends  the  stone  on  its  wav 
to  the  crushing  plant,  to  the  silos  that 
house  the  finished  product— can  be 
easilv  followed  without  traveling  more 
than  one-(|narter  mile.  Landscaping 
is  well  under  wav  and  a  network  of 
roads  connects  the  various  phases  of 
production.  The  total  investment  of 
S25.(XX),(KX)  will  represent  about 
Slfi5,(XX)  for  each  man  emploved  at 
the  plant  and  will  produce  2'*  million 
barrels  of  eminent  a  ^•ear. 

Ingredients  of  (dement 

(.'ement  is  a  mixture  ot  a  series  of 
chemical  compounds  and  it  is  made 
bv  causing  these  chemicals  to  react 
together  at  high  temperatures.  Basic- 
allv,  the  ingredients  are  calcium  car¬ 
bonate,  sand,  iron,  and  alumina.  .\t 


I^high’s  Miami  Plant  the  calcium  car¬ 
bonate,  in  the  form  of  coral  rex-k,  is 
obtained  from  a  cjuarry  at  the  plant 
site.  Sand  to  a  great  extent  is  present 
in  the  coral  and  is  not  .separated.  If 
additional  sand  is  required,  it  will 
either  be  purchased  or  obtained  from 
another  small  (piarrv  nearbv.  The  ma¬ 
terials  containing  the  iron  and  alumina 
will  be  bought  from  outside  sources. 

Preparation  of  the  materials  begins 
at  the  (juarrv  site  where  there  is  a  \  ast 
deposit  of  coral  roc’k  that  has  been 
metamoqihosed  into  a  fossiliferous  and 
(K)litic  limestone.  This  deposit  was  laid 
down  in  comparativelv  thin  lavers, 
which  vary  in  hardness  and  texture. 
This  xariation  in  quality’  makes  drill¬ 
ing  and  blasting  work  more  difficult 
than  most  operations  of  this  type.  .Add¬ 
ing  to  the  difficadtv  is  a  unique  water 
condition:  the  normal  water  table  lies 
at  ground  ley  el,  making  it  necessary  to 
distribute  fill  material  over  the  xvork- 
ing  area,  yvhich  raised  the  area  abo\  e 
the  yvater.  Tims,  all  blast  holes  are 
loaded  and  all  material  is  dug  below 
water  lex  cl. 

Drilling  and  Blasting 

Drilling  is  accomplished  bv  a  Mav- 
hew  rotarv  drill  built  especially  for 
this  operation  bv  the  Mavheyv  Supply 
(’ompanv  of  Dallas.  Texas,  and  s<'rv- 
iced  locally  by  the  Pan  American 
Kcpiipmcmt  Company'  of  Hialeah,  Flor¬ 
ida.  This  drill  is  a  combination  of  Mav- 


heyy’s  Model  KXXI  and  Mcxlel  2(XX1, 
mounted  on  a  D-S  ('aterpillar  tractor. 
It  has  a  62-ft.  sectional  mast  yvith  a 
5l-ft.  drill  steed.  To  this  stcvl  is  applied 
the  trade  name  of  “Dyna- Kelly,”  and. 
as  the  name  implic's,  it  alloyvs  the  ex¬ 
plosive  to  be  loaded  direct  into  the 
drill  steel,  eliminating  a  separate  oper¬ 
ation  of  casing  the  blast  holes.  .A  “yvire 
line  core  breaker”  keeps  the  Dvna- 
Kellv  clear  of  sand  and  rock.  The  hole 
is  cleaned  xvith  a  BBO-cu.  ft.  (Jardner- 
Denver  WCH  air  compressor  monnti'd 
on  the  drill  rig.  Tlie  rig  is  lex  fled  xvith 
four  hydraulic  lexeling  jacks  and  the 
mast  is  raised  and  loxvered  hvdranlic- 
allx^.  The  bit  arrangement  consists  of  an 
outside  drag  bit,  inside  of  xvbich  xvork- 
ing  indcpendentlv  is  a  4fi-in.  Tri-cone 
bit  attached  to  the*  core  breaker,  xvhich 
produers  an  outside  hole  diamctcT  of 
7f«  in.  The  Dvna-Kellv  can  lx*  equipped 
to  accomuKulate  explosixc*  sizes  from 
2  to  4'j-in.  diameters. 

Holes  are  drilled  on  a  IB  by  IB-ft. 
staggered  pattern,  49  ft.  deep.  Tri- 
tex«  WH-HD  4'--in.  bv  IB^-lb.  car¬ 
tridges  are  loaded  at  the  rate  of  0.B5 
lb.  of  explosixc's  per  cu.  vd.  of  nxk. 
This  is  sometimes  altc'red  slightly  xvith 
a  xariation  in  the  rock  strata.  Prima- 
cord*  is  used  to  detonate  the  primer 
cartridge  of  (Jelamite’^  I.  Vi  in.  bv  IB^ 
lb.  Txvo  additional  cartridges  of  (iela- 
mite  1  are  normally  used  along  the 

•Ken.  f.  S.  Fat.  Off.  hy 
'I'he  F.nsign-Hickfonf  Company 


stone  along  the  cut  for  drainage.  Each 
cut  is  approximately  80  ft.  wide  and 
50  ft.  deep.  Eighteen-ton  Euclid  dump 
tnicks  are  loaded  hv  a  101  Marion 
shovel,  electric-powered  with  a  3-cu. 
yd.  bucket  for  a  short  haul  to  the  pri¬ 
mary  crusher. 

The  primary  rcK-k-erushing  plant  is 
a  Travlor  48  hv  fiO-in.  jaw  crusher,  and 
the  secondary  crusher  is  a  Pennsyl¬ 
vania  reversible  impactor.  Each  unit 
is  capable  of  producing  .550  tons  of 
stone  per  hour.  The  scheduled  pro¬ 
duction  of  cement  re(jiiires  about  .5(K) 
tons  of  stone  per  da\’. 


Storage  of  Materials 


Stone  from  the  crushing  plant  moves 
to  the  mat<Tials  storage  section  by 
means  of  a  couvevor  belt.  Raw  mate¬ 
rials  that  are  obtained  from  an  outside 
source  go  b\’  a  st‘parate  c-onxeyor  sys- 
t(‘m  to  the  storage  building.  Separate 
sections  insitle  the  storage  building  are 
proxided  for  each  raxx-  material,  f(»r 
clinker  from  the  kilns,  and  for  gypsum 
xxhich  is  used  as  a  retarder  in  cement. 
Tliese  various  materials  are  fed  to 
either  the  raxv  grinding  mill  or  the 
finished  cxanent  grinding  mill  as 
needed  bv  txx  o  17-ton  P  &•  II  traveling 


DKII.I.  ItICi:  A  rniar>'  drilliiiK  riK  drills  blast  holes  49  ft.  deep  on  I6-ft.  centers. 


R{‘sults  haxe  been  snccessftil  enough 
to  eliminate  c-ompletelx’  the  secondarx’ 
blasting. 

Excavation,  Haulage,  Crushing 

An  eh'ctric-poxvered  Riicvnis  Mon- 
ighan  9-\\’  dragline  xvith  an  8-cu.  vd. 
bucket  and  a  200-ft.  boom  accom¬ 
plishes  the  digging,  and  stockpiles  th<' 


explosixcs  column  to  act  as  a  booster 
lor  the  'I'ritex  WR-llI).  .MS-9  connec¬ 
tors  are  used  to  delay  the  holes  for 
better  fragim*ntation  and  to  cut  doxxTi 
t'xcessixe  vibrations.  The  Primac'ord 
trunk  line  is  d(‘touat(‘d  xvith  txxo  No.  6 
EI(“ctric  Blasting  ("aps  connected  in 
series  and  final  xvith  a  Titan*  Blaster. 

‘Ilcrciilcs  Tr.id<Tn,irk 


OKMKNT  yi'AHHY:  The  m-w  quarrs-  with  a  shovel,  a  drasline,  and  a  rotars-  drill  operating  in  the  vast  deposit  of  coral  rock. 
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MATKRIAI.S  STOR  AGF.  Rl’lLDINCi:  Slone  from  the  cnishiiiR  plant  enters  the  materials  storaRe  hiiildiiiR  on  the  covered  conveyor  bell  at  riRlit, 

and  is  fed  to  the  RrindiiiR  mill  bins  by  the  traveliiiR  crane. 


cranes,  each  carrying  a  6-ctt.  vd.  clam¬ 
shell  hncket.  The  storage  hiiilding  is 
94  ft.  wide  and  S64  ft.  long. 

The  Wet  Grinding  Process 

Materials  needed  for  this  operation 
are  coral  rock.  sand,  slag  (iron),  and 
stanrolite  (ahnnina).  These  materials 
are  fed  into  separate  hins  from  which 
tht*v  fet'd  down  to  a  weighing  dtm'ce 
and  onto  a  vibrating  conveyor.  The 
weighing  device  is  svnchroni/cd  to  de- 
livt'r  the  corrtvt  proportions  of  the 
various  materials  to  the  grinding  mill. 
Mt're,  water  is  added  to  form  a  slnrrv, 
hence  the  process  is  called  tlu'  wet 
grinding  process. 

Since  they  are  harder  to  grind,  the 
minor  constituents,  sand.  iron,  and 
alumina,  arc  gronnd  hv  themselves  in 
two  separate  mills,  called  “sand  mills.” 
in  tandem  operation  and  temporarily 
stored.  The  coral  rock  slnrrv  is  ground 
in  three  st'parate  “raw  mills”  where 
the  c'orrect  proportions  of  the  sand, 
slag,  and  stanrolite  slnrrv  are  added  to 
it  from  their  storage  tanks.  The  two 
sand  shirrv’  mills  are  43  ft.  long  and 
7  ft.  lO.'j  in.  in  diameter.  Seventy  tons 
of  steel  halls  in  each  mill  perform  tin* 
grinding.  Each  mill  is  driven  hv  a  900- 
hp.  svnehronons  motor.  The  three  raw 
mills  are  each  43  ft.  long  and  8?*  ft. 


inside  diameter,  and  each  contains  8.5 
tons  of  steel  halls.  Each  is  driven  hv 
a  1.2.50-hp.  motor.  .\  separate  oil-fired 
rotarv  drier  80  ft.  long  and  7  ft.  in 
diameter  acc-omplishes  the  drying  proc¬ 
ess  for  the  raw  materials  used  in  ma¬ 
sonry  cement. 

The  slnrrv  discharged  from  the 
three  raw  mills  is  pumped  to  six  extr- 
recting  tanks,  where  it  is  analv/ed 
chemically  so  that  the  mixtnrt'  can  h(' 
Mended  in  exactly  the  right  composi¬ 
tion  Kxjnired  in  the  kilns.  It  is  with¬ 
drawn  from  the  correcting  tanks  to  .i 
large  mixing  tank  and  mixed  hv  vittlent 
air  agitation.  The  hh'iided  slnrrv  is 
then  pumped  to  a  kiln  feed  tank.  There 
is  a  total  of  six  mixing  tanks,  each  hav  ¬ 
ing  a  capacity  of  fiOO  barrels.  The  one 
blending  tank  and  two  kiln  feed  tanks 
each  hav  t'  a  f),200-l)arrcl  capacity. 

Hotarv  Kilns  and  Coolers 

From  the  kiln  feed  tanks  the  slnrrv 
is  ]nnnped  to  kiln  ft'txlers  which,  being 
synchronized  with  the  speed  (*f  the 
kilns,  vfrv  accurately  control  the  flow 
of  slnrrv.  The  two  kilns  are  475  ft.  long 
and  are  12  ft.  in  diameter  at  flu'  ends 
and  1 1  ft.  in  diameter  through  the 
ct'iiter  portion.  They  are  monnted  on 
supporting  rolls  so  that  thev'  slopt'  from 
the  horizontal  7/lf)th  of  an  inch  per 


foot.  Thev  rotate  at  a  speed  of  ap¬ 
proximately  one  revolution  per  min¬ 
ute.  The  heat  is  furnished  hv  a  fuel 
oil  hnrncr  located  at  tin*  lower,  or  dis¬ 
charge.  end  of  the  kilns.  'I'he  heat  at 
the  tipper,  or  feed,  end  of  the  kilns  is 
about  320  F..  and  the  shirrv  t'litering 
at  this  point  begins  to  tlrv. 

As  the  kiln  rotates,  the  slnrrv  works 
its  wav  toward  the  discharge  end.  Tilt' 
teinperatnre  in  the  kiln  increases  until 
at  a  point  .ibont  .50  ft.  from  the  dis¬ 
charge  end  it  reaihes  about  2S(M)  F. 
In  this  heat,  the  cht'inical  reaction 
takes  place,  forming  the  cement  com¬ 
pounds.  riie  reaction  produces  a  com- 
pletelv  new  set  of  coinpoiinds.  which 
form  the  nodules  of  cement  clinker. 
From  tilt'  kilns,  the  clinker  drops  onto 
traveling  grate  coolers  and  is  cooled  by 
a  blast  of  air  from  bent'ath  the  grates. 

bv  means  of  vibrating  conveyors, 
elev.itors,  and  a  drag  chain  conveyor 
the  clinker  moves  into  the  proper  st'c- 
tion  of  the  storage  building.  Ihmker  (- 
fuel  oil  (#9)  is  used  for  ht'afing  the 
kilns  .it  the  rati*  of  .ibont  I.2(M)  gallons 
per  hour.  Ilie  fuel  oil  is  preheated 
vv  ith  steam,  which  is  generati'd  in  two 
boilers  locatt'd  beneath  the  kilns,  and 
is  pumped  to  tlit'  burners  nndt'r  a  prt's- 
snrt'  of  about  l.tKKf  lb.  per  st|.  in.  W’astt' 
gasi's  from  tht'  kilns  pass  through  t'lec- 
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KAW  (;KI\I)I\C>  MII.I.S:  Kach  of  thrsf  three  mills  eontains  H5  tons  of  steel  halls  to  Krind 
the  coral  riK-k  slurry,  and  each  is  driven  by  a  1,250-hp.  mot(»r. 


frostiitic  (lust  (.•ollcctois,  wliicli  re¬ 
move  esseiitiallv  all  of  tlie  dust  before 
it  passes  tlironoli  the  draft  fan  and  np 
tlie  stack,  riie  perforinanee  of  each 
pliase  ol  file  kiln  operation  is  recorded 
\isnall\  hv  insfrnments  that  kec-p  a 
tlieek  on  operating  conditions.  Kaeli 
kiln  is  lined  with  hinh-tt'inperatiire 
retraetories  and  can  prodnee  -hWH) 
barrels  ol  clinker  pta  dav.  The  hvo 


hori/ontal  traveling  grate  eiKiIers  are 
>0  ft.  long  and  7  ft.  w  ide,  and  cool  the 
clinker  so  that  it  reaches  storage  at 
about  1.50  F. 

Final  Operation  and  Storage 

.\t  this  point,  the  clinker  is  ted  into 
bins  near  the  finish  grinding  mills  bv 
the  traveling  cranes,  aiul  gvpsnm  is 
added  to  it  to  act  as  a  retardiT  to  con¬ 


trol  the  rate  at  which  the  cement  will 
set  after  it  is  made  into  TOncrete. 
Otherwise,  setting  wonld  be  too  rapid, 
('linker  and  gvp.siim  fet'd  through  the 
bins  over  weighing  devit'cs  and  then 
bv  vibrating  convevors  and  elevators 
to  the  three  finish  mills.  Each  of  these 
mills  is  .'39  ft.  4  in.  long  and  8  ft.  6  in. 
in  diameter.  Each  contains  180,()(K)  lb. 
of  steel  grinding  balls  and  is  driven 
by  a  1.2.50-hp.  motor.  Each  mill  is 
t*<piipped  with  an  air  classifit'r  which 
removes  coarse  particles  and  returns 
them  to  the  mill  for  regrinding  while 
th('  finished  ct'inent  is  pumped  to  the 
storage  silos. 

The  storage  silos  have  a  total  ca- 
pacitv  of  4.5().(KK)  barrels  of  cement  or 
1.5,(KK)  barrels  each.  From  these  silos 
the  cement  is  loaded  either  into  cars 
and  trucks  below  or  transported  to  the 
packhonsc  vvht'rt*  it  is  loaded  into  bags. 
The  silos  ainsist  of  five  separate  load¬ 
ing  tunnels  with  si.\  loading  stations 
nnder  each  tunnel.  From  each  of  the 
•30  loading  hxations  a  car  or  truc  k  can 
bt‘  loadc'd.  weighed,  and  readv  to  roll 


SI.rilHY  MlXINCi  TANKS:  The  coral  rock  shirrv  cominc;  from  the  corrt“clinK  tanks  is  mived  in  these  tanks  by  violent  air  agitation. 
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Heat  in  these  kilns  varies  from  320  degrees  F.  at  the  charge  end  to  2.S00  degrees  at  a  point  J>tl  ft.  from  the  disr-harge  end, 
Kach  kiln  is  47.'>  ft.  long  and  has  a  capacity  of  3,fi(M)  barrels  of  cement  clinker  |mt  day. 


ill  12  to  lo  minutes.  For  paekat'e  loatl- 
insj.  eement  is  pumped  from  the  silos 
to  anxiliarv  storage  tanks  at  the  paek- 
honse  hv  9-in.  Fuller  Kvnon  eement 
pumps.  Faekinii  maehines  antomatic- 
allv  fill  eaeh  hag  for  delivery  to  one 
of  two  loading  stations  for  car  or  truck 
haulage  to  the  cn.stomer. 

Supplying  the  electric  power  for  the 
entire  plant  is  a  snhstation  whicli  re- 
ct'ives  a  6f),(K)0-\olt  line  and  rednevs 
it  through  transformers  to  4,160  volts 
for  distribution  to  the  various  depart- 
mi'iits,  each  of  which  has  its  own  unit 
substation  to  pro\ide  lower  \oItages. 
The  plant  consumes  about  2(K),(KK) 
kilowatt-hours  of  power  per  dav, 
enough  electricity  to  supply  the  needs 
of  a  cit\  of  perhaps  KKI.OOO  people. 

A  Joint  \'enture 

The  plant  was  engineered  bv  the 
F.  I,.  Sinidth  Oompauv  of  \ew  York, 
and  the  contract  for  the  construction 


ikmI.  f  lorida.  r.it  Dillon  m  Ins  2.)  years 
with  Walsh  has  participated  in  the 
construction  of  tour  plants  that  are 
now  producing  cement. 

rhe  Lehigh  I’ortland  (aMiieut  (ann- 
pany’s  .Manufacturing  l)i\ision,  under 
I*.  A.  (iroll.  executive  sict*  prc'sideut. 
and  .\rnold  ).  Johnson.  \  ic  e*  presidc*nt 
who  clirc'ct  plant  opc-ratious,  appoiutc'cl 
\\  illiam  J.  Klc‘in  as  plant  manage-r  and 
Lc'slie  W.  (aipplc*  and  llax  c's  |c*nsc'n  as 
plant  enginc'ers.  .Mr.  Ivlc'in  has  prc'vi- 
oiislv  serxc'd  with  the*  Lc'high  (ann- 
panv  as  jdant  manag(*r  of  its  plant  at 
Hirmingham.  .Mabama.  Mr.  (aipplc* 
came  to  Miami  from  Lc’high’s  plant  at 
Mc*talin(*  Falls,  Washington. 

This  plant,  with  its  most  modern 
ecjuipmc'iit,  has  bc*c*n  clc*signc*d  to  kc*(*p 
pace  with  the  trc*mc*nclous  growth  of 
southc*rn  Florida.  .\s  a  pionec*r  of 
major  industry  in  the*  area,  Lc*high  has 
c*xprc*.s.sc*d  a  confidc'uce  in  the  con- 
tirmc*cl  growth  of  the  entire  state. 


Lc'higfi  rortland  (a“mc“ut  (.ompanv  of 
.\llc*utown,  IVuusx  Ivania,  with  the* 
Walsh  (amstructiou  (aimpanv  of  Dav- 
c'liport,  Iowa,  and  Nc*w  York  (atv.  .\ 
joint  \c*uturc*  was  establi.shc*d  includ¬ 
ing.  along  with  Walsh  who  spon,sorc*cl 
the  job,  b.  Perini  &  Sous  of  Framing¬ 
ham,  .Massachusetts,  and  Frank  f. 
Hoonc*y,  Inc.,  of  .Miami,  hdorida.  Work 
officially  bc*gan  in  January.  19.57. 

riie  Walsh-Pc*rini-Hoonc‘y  (ainipauv 
was  hc*aclc*d  bv  (.’.  IX  Hicicllc*,  Walsji 
\icc*  prc*siclc*nt,  who  appointed  (.'c*c*il 
(iarner  as  projext  managc'r;  Pat  b.  Dil¬ 
lon,  general  superintc*ndc‘nt;  Keith  F. 
.Meilahn.  projc'ct  c*nginc*c*r;  II.  F.  Mc*r- 
rill,  genc*ral  labor  snpc*rintc*nclc*nt;  and 
other  kc*y  personnel.  T.  F.  Tavlor  was 
chic*f  dc*sign  engiuc*er.  Mr.  (iarner  has 
had  wide  experic'nce  in  ccinstruction 
work  of  this  type*,  having  sc*ryed  as 
projc*ct  manager  in  the  construction  of 
another  Lc'high  plant  located  at  bun- 
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Forming  o  f  IVletals 
By  Explosives 


A  brief  Jiseussion  of  some  properties  of  explosives  whieb  may  be 
important  in  tbe  shaping  of  metals 


JLTLIUS  ROTH 


Mktai.  forinint;  through  the  agency 
of  explosives  is  arousing  wide¬ 
spread  inter(“st.  It  has  heeTi  claimed' 
that  virtually  every  operation  possible 
with  a  drop  haiuuuT  or  pr<*ss  can  he 
du|)Iicated  hy  explosives  forming.  Ex¬ 
plosives  forming  techniques  are  partic¬ 
ularly  applicable  to  tough  ‘'«‘xotic” 
metals  and  alloys  now  being  investi¬ 
gated  by  the  aircraft  and  missile  indus¬ 
tries.  Explosix'es  have  been  used  in 
forming  fan  hubs,  chassis  boxes,  dish 
ant<‘uuas,  sound  suppressors  for  jet  air¬ 
craft,  in  punching  holes  through  totigh 
mat(‘rials,  in  expanding  and  swaging 
tubing,  in  forging,  and  in  cold  welding. 

I  h«‘  jmrpose  of  this  discussion  is  to 

‘Hcrj  ulcs  I’owtltT  ('.oinpaiiy 
Kcsi-arch  Outer 
W'ilniinKton,  IX-l.iw  .in- 


acxjuaint  the  engineer  interested  in  ex¬ 
plosives  forming  with  some  properties 
of  the  explosives  that  he  may  use. 
Although  some  backgroutid  on  the  re¬ 
action  of  metals  to  impulsixe  loading 
is  included,  this  article  is  not  intended 
as  a  thesis  of  explosix  es  metal  forming. 

The  following  is  a  cursory  look  at 
th<*  underlying  principles  invoKed  in 
the  deformation  of  metals.  It  is  based 
xcry  largely  on  an  excellent  mono¬ 
graph  by  Hhineliart  and  Pearson.* 

Principles  of  Metal  Deformation 

metal  subjected  to  a  load  will  first 
r(*act  elastically,  i.e.,  the  metal  will  re¬ 
turn  to  its  original  state  when  tht*  load 
is  removed.  If  th«'  load  is  increased,  in¬ 
elastic  reaction  can  result.  This  means 
that  the  metal  suffers  a  permanent 


change  such  as  plastic  flow  or  fracture. 
Inelastic  behavior  is  still  imperfectly 
understood,  even  for  conxentional 
loading.  The  main  x  ariables  that  de¬ 
termine  the  behavior  of  a  metal  under 
load  are:  ( 1 )  the  properties  of  the 
metal,  (2)  its  geometry,  (3)  the  mag¬ 
nitude  of  the  load,  ( 4 )  the  rate  of  load¬ 
ing,  (5)  ambient  temperature,  (6) 
prex  ious  history  of  the  metal.  Impul¬ 
sixe  loads,  xvhich  are  encountered 
xx'hen  an  explosion  ocxnirs  near  a  test 
sample,  are  charact(*rized  by  an  ex¬ 
tremely  fast  rise  of  stress  and  a  sloxver, 
but  still  x'ery  rapid,  decay  of  stress. 
Transient  plu'nomena,  xvhich  are  (juite 
unimportant  in  conventional  loading, 
become  controlling  in  impulse  loading. 
Eongitudinal  and  transverse  xvaves  are 
s<‘t  up  in  the  sample.  W  ave  reflections 


l-'Kil’RKS  1.  2.  ;iiid  .‘i:  These  photos,  made  by  a  camera  iitili/.iiiK  a  rotatiiiK  drum  traveliuK  m<we  than  400  miles  per  hour,  show  the  rate  of 
detonation  ol  three  flilierent  tspes  of  explosives.  FiRiire  1  at  the  left  .shows  a  low-rate  dynamite  with  a  speed  of  1,.500  meters  per  second, 
('enter  photo  (FiRiire  2)  is  of  a  medium-rate  dynamite  whose  siH*ed  is  S.-iOO  meters  per  second.  The  photo  to  the  riRht  (Figure  .*1)  is  of  Prima- 
i-iml  detonating  at  T.(M)0  meters  jH*r  second.  The  direction  of  propagation  of  detonation  is  from  bottom  to  top.  Film  traveled  from  left  to  right. 
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aiul  interactions  are  of  utmost  im¬ 
portance  in  determining  occurrence 
and  position  of  cracking  and  fractur¬ 
ing.  These  will  he  influenced  not  only 
hy  sample  geometry,  hut  also  hv  the 
nature  of  the  surrounding  medium. 
The  product  of  sample  density  and 
sample  wa\e  \elocity  (the  so-called 
acoustical  impedanc'c)  determiiu's  the 
efliciencv  of  energy  transfer  to  the 
sample.  P'or  impulsive  loading,  c-on- 
ventional  tensile  strengths  can  he  ap- 
preciahlv  exceeded  without  causing 
permanent  change  in  the  sample.  De¬ 
creasing  temperatures  have  the  same 
(jualitative  eflect  on  tensile  strength  as 
impulsive  loads. 

In  metal  forming,  one  is  particidarly 
interested  in  plastic  deformation.  Plas¬ 
tic  deformations  usuallv  occur  through 
“slip,”  “twinning.”  and  “deformation 
handing.”  \s  the  name  implies,  “slip” 
is  the  displacement  of  one  part  of  a 
crystal  along  a  definite  crystallographic 
plane  (  slip  plane)  and  along  a  definite 
crystallographic  direction.  Slip  hands 
are  closely  spacwl  at  high  stress  rates 
(impulsive  loading)  or  low  tempera¬ 
ture.  Relatisely  little  is  known  about 
deformation  handing.  It  appears  to  he 
similar  to  slip  except  that  it  has  heen 
ohser\t*d  in  grains  of  polvcrv'stalline 
material  as  well  as  single  crystals. 
Twinning  is  the  sliding  of  one  plane 
of  atoms  o\er  the  next  plane  as  a  re¬ 
sult  of  shear.  (Generally,  twinning  is 
promoted  hy  increasing  rate  of  defor¬ 
mation  and  decreasing  temperature. 

W’ase  interactions  and  ri'flections 
are  important  in  plastic  deformations 
under  impulsive  load.  .Materials  that 
change  from  ductile  to  brittle  with 
decreasing  temperature  will  show  a 
similar  transition  with  increasing  stress 
rate.  .Materials  that  are  ductile  at  low 
temperatures  will  al.so  he  ductile 
under  impulsive  loads,  luhomogeneitv 
of  material  will  influence  plastic  defor¬ 
mation.  I’suallv  a  thin  laver  of  explo¬ 
sive  in  contact  with  the  metal  will 
produce  a  shallow  and  even  indenta¬ 
tion,  whereas  a  thick  slab  of  explosive 
will  produce  a  crater.  Impulsive  loads 
generally  produce  “work  hardening,” 
i.e.,  a  resistance  of  the  metal  to  further 
defoimation. 

'I'he  present  state  of  knowledge  of 
impulsive  loading  permits  only  (juali¬ 
tative  discussion.  Pro|^(“rties  of  ma¬ 
terials,  such  as  tensile  strength,  which 


Oi»ton««  from  Chorgo  iff  ) 


KKil'HK  4:  This  Kraph  shows  the*  uii<f(?rw  ater  jH'ak  pressure  and  iinpidse  devel»|H*d  hy  a  small 
spherical  charKe  of  T\T  vseiKhing  0.1  lb.  I'lnler  most  conditions,  pressure  deeay  is  imich  more 

rapid  in  air  than  in  water. 


are  very  useful  in  understanding  be¬ 
havior  under  conventional  loads,  are 
not  a|)|)licahle  to  iinjiulsive  loads.  Nt'w 
criteria  must  he  develojyed  for  imjnd- 
siv  e  loads.  The  jiassage  of  a  transient 
disturbance  through  a  j>olvcrvstaIline 
material  is  exjiected  to  affect  the  ervs- 
talliiK'  structure  and  its  subsequent 
behav  ior  to  conventional  loads.  Wrv 
little  is  known  about  this. 

.Siiicf  much  of  th(>  work  done  to  date 
has  heen  carried  out  in  a  water  tm*- 
dium,  it  has  been  suggested'  that  the 
osciihuiug  gas  bubble  of  the  hot  gasc*s 
bv  the  (‘Xjrlosion  is  the  jirime  agent  in 
exjilosivcs  forming.  However,  some  of 
the  forming  is  being  done  in  air  or 
under  conditions  where  the  gas  bub})le 


will  vc'iit  before  it  can  act  on  the  metal. 
For  the  latter  case,  the  |)article  vi*- 
loeitv  im|)art('d  to  the  metal  bv  the 
com|)res.siou  wave  from  the  exjilosive 
may  be  im|)ort.mt.'  I'lie  transfer  of 
(“uergv  from  the  ex|)losiv(‘  to  the  metal 
will  be  iuflu(*uc(‘d  bv  auv  iiiferveuing 
m,it(‘rial. 

Kxjjlosives  for  .Metal  Forming 

To  be  a|)|)licable  to  met.il  forming 
an  ex|)Iosiv(‘  has  to  be  safe  to  handle 
and  easy  to  initiate*.  The  most  c-onven- 
ient  uH'thod  of  initiation  is  by  an  elec¬ 
tric  blasting  caj>  or  bv  d(‘touating  fuse 
which,  in  turn,  is  initiated  bv  a  blasting 
cap.  I'suallv,  commercial  exjjlosives 
are  made  in  the  form  of  cylinders,  but 
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FKil'KK  5:  A  Ih-rcuk-s  FKTN/resin  prinivr,  with  a  charKt'  weight  of  178  grains,  developed  a 
|M-ak  pressure  of  418  p.s.i.  The  charge  was  placed  25  ft.  from  the  gauge.  Five  of  the  small 
divisions  equal  0.1  millisecond. 


tlicv  tail  lx*  math*  in  otlu'r  forms  sucli 
as  spluTcs,  (lisis,  or  shoots.  Kxplosivo 
param<‘t(‘rs  that  mav  lx*  im|X)rtaiit  art* 
maximum  prt*ssm(*  dox  (*Iopo(l,  axail- 
ahlt*  oiu*ri'V,  and  volooitv  of  propatja- 
tion.  Kimiros  1.  2,  and  3  show  tx  pioal 
rolatini'-drnm  photoirraphs  tor  tlx*  dt*- 
tormination  of  dc*tonation  \t*l(X'itv. 
I'ahlt*  1  lists  thosi*  paranu*tors  tor  a 
nnmlx*r  of  i*xplosi\'('s.  I  lx*  d(*tonation 


prossnro  is  not  roadilv  amonahlo  to 
moasnrt*mont  and  is  nsnallv  oalonlatod 
from  hvdrtxlvnamio  th(*orv  of  d(*tona- 
tion.  Tho  xahios  of  prossnro  shown  in 
Tahlo  I  aro  hasod  on  tho  nu*thod  of 
oaloidation  proposod  hx  (](M)k.'  Othor 
p(d)lishod  xahios’'  *’  art*  slightlx’  Itixxor. 

In  manv  instanoos,  tho  oxpitisix  o  xx  ill 
nt)t  lx*  in  otmtaot  xvith  tho  motal  and  it 
is,  tht*rt*ft)rt*,  nooossarx  to  kimxx*  ht)xx- 


pressure  decays  xvith  distance  from  tho 
oxplosive.  If  xvator  is  tho  modium,  tho 
scaling  laxvs  ftir  pressure  and  impulse 
( the  area  under  the  pressure-time 
curxe)  are  fairly  xxell  untlersttK)d. 
(a)le'  proposes  t*tpiatit)ns  of  the  form  of 


.  Mir’’)' 

and 

(2)  I  =  k.W 

xxht*rt*  I’  I’oak  prt*ssnrt*  in  p.s.i. 

NN  =  \\’t*ight  t)t  explt)sixe  in 
pounds 

H  Distanct*  frtmi  explosive 

in  feet 

k|,  k-  anti  fi  art*  constants  xvhich 
xarv  ftir  tliflerout  explt)- 
sives 

<t  (ainstant  xvhich  is  gt*nt*r- 
allv  1.15 

1  =  Impnist*  in  p.s.i.  millisec¬ 
onds 

The  alx)xe  t*<piations  are  also  appli¬ 
cable  to  sluits  in  air  hnt  the  constants 
art*  different.  Cionorallx  spt*aking.  pres¬ 
sure  tlecav  is  much  mtirt*  rapid  in  air 
than  in  xx  att*r.  Figure  4  slmxvs  this  ftir 
a  case  xvhich  is  t)f  intt*rt*st  in  metal 
forming,  namoix’,  a  small  spherical 
TNT  charge.  The  nnderxvater  pres¬ 
sures  anti  impulses  art*  taken  from 


l  ahle  I 


PHOPKHTIK.S  OF  .SK\  KH AL  KXFLOSIVKS 


Detonation 


Txplosisr 

(  heMiieal  Naim' 

Physical 

('ondition 

Specific 

(travits 

Velocity 

1  ‘^4-in. 
diameter 
tt./»ec. 

Energy* 

n.-ii>./ 

Hi.  «  10- 

Maximum 
Pressure"^ 
p.s.i.  X  10-*' 

Initiatort 

IU).\ 

('yclulrimctliylcnc 

trinitramiiic 

gramilar(a) 

1.7 

27.5(K) 

4.25 

1.4 

No.  6  Blasting  ('ap 

I'FTN' 

I’cnt.icrytliritol 

tctr.iiiitratc 

graiuilar(a) 

1.6 

26.5(H) 

4.15 

■1.2 

No.  6  Blasting  Cap 

I’cultililc 

.50/50  I’K  l  N/  TN'r 

fast 

1.6 

2.5(HH) 

■1.17 

2.8 

No.  8  Blasting  Cap 

INI 

rriiiitrt)toIiiciu‘ 

graniilar(a) 

1.6 

2>(HH) 

2,62 

2.4 

1-2  Bl.isting  Cap 

Hl.isting  (tcl.itiii 

pl.istic 

1 .1.5 

2.5(HH)(1)) 

4.08 

2.6 

1-2  Bl.isting  ('.ip 

rit.iiiS  l‘riiixTs(c) 

fast 

1.2 

205<H) 

1.48 

1.6 

No.  6  Blasting  C'aji 

nO'i  F.xtr.i  C.cl.itiii 

pl.istic 

1.4 

17(HH)(I)) 

2.24 

1.2 

1-2  Bl.isting  C^ifi 

■1(1' c  .Str.iiglit  Dxiiamilc 

graiml.ir 

1.4 

1.5.5(H) 

2.02 

0.97 

No.  8  Bl.isting  ('ap 

(>(>'7  F.vtr.i  l)\n.miilc 

granular 

1.5 

12.5(H) 

2.40 

0.62 

.No.  6  Bl.isting  (^ip 

('.flamili'l^  2 

sfuiiplastic 

1.15 

11.5(H) 

2.50 

0.19 

No.  6  Bl.isting  C.ip 

gr.inniar 

1.0 

1().5(H) 

2.50 

0.16 

No.  6  Blasting  Cap 

1  Icrodinitc  (> 

graniil.ir 

0..S8 

‘HHH) 

2..50 

0.25 

No.  6  Bl.isting  (  aip 

1  Icri'Diiiitc  'lA 

granular 

I.l 

7‘HX) 

2.50 

0.22 

No.  6  Bl.isting  (^ip 

1  IcrcoiiiAtf  7 

grannl.ir 

0.8.1 

7tHH) 

2.41 

0.19 

No.  6  Blasting  ('ap 

1  Icrcdinilf  7 A 

gr.inniar 

0.81 

6.5(H) 

2.19 

0.12 

No.  6  Bl.isting  (\ip 

IlituminilcR  1) 

grannl.ir 

0.00 

46(H) 

2.16 

0.07 

No.  6  Bl.isting  C.ip 

HiilUcyc® 

Smitkclcss  iH)wdcr 

gr.inni.ir 

1.1 

1/in.  scc.(il) 

4,04 

O.lKc) 

Sipiil) 

on  iMilivtic  mortar  romparisotix..  Total  enerto  utnihl  he  approximately  tour  tiiiie«  thexie  H^irt'v. 

^.\t  P4-111.  ilia.  Based  pninariU  on  laleulations  by  the  inethtHls  ot  Ci>ok.  By  Taylor's  inethoils  this  pressure  uill  tx*  10*20^  lower, 
niiitiation  eaii  alsit  he  aihieAeil  h\  hO-graiii  Pninaeoril. 

Dlert  uU^  Tradi'inatk. 
la)  Pri'ssed  ih'iisits  . 

(h>  Xi'i'ds  siithiieiit  initiatiim  tii  attain  this  \eItH'it>. 

See  Table  II. 

(ih  Burnmtt  \(*UH'it\  at  KHHtps  i. 

te)  Pressufv  de\»‘loiH*d  h>  Biillsese  as  hen  it  is  burned  m  a  volume  equisalent  to  that  ixcupied  by  the  oripnal  ptmder. 
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Table  II 


PRIMERS 


Primer 

Diamelrr 

(Inrhr«) 

Lr«ctli 

lladief) 

\\  riKhtt 

('omp4>\it>on 

Initiiilor 

Titan  1(K) 

2.18 

Fs 

105 

I’K  TN/resin 

No.  6  Hlastinu  (\ip  or 

Triin.ieord 

Titan  1.50 

2.18 

2 

1.56 

I’KTX/resin 

No.  6  Hlastini!  (  \ip  or 

I’riin.teord 

Titan  2(K> 

2.18 

2S 

208 

I’K  TN/resin 

No.  6  Kl.istiny;  (\tp  or 

I’rnnaeoril 

.\(:-.56 

IXi 

2X. 

80 

I’KTN/resin 

No.  6  Kl.istinu  (\ip  or 

I’riinaetxrd 

Titan  20 

•X 

44 

20: 

I’KTN 

No.  6  Kl.istinx!  t'ap  or 

Trini.u-ord 

*l\ii«&ny  olimirical  hut  can  h«*  Mipplied  in  other  Keotnctric>. 
^Itu  liKles  1  to  H  ur^in'^  of  pai)er  or  plastic  container. 

♦  Net  Nseight  of  PKTN  contained  m  copi>er  shell. 


(iole'  aikl  the  air  pressures  from  Stoner 
ami  Hleaknev.’' 

Empirieallv  it  has  been  found  that 
tairlv  relial)le  values  of  underwater 
peak  pressures  ean  be  obtained  from 

/\V'/3\  1) 

(3)  1' 

where  the  symbols  ha\e  been  previ¬ 
ously  defined  and  1)  is  the  propajjation 
\eloeitv  in  ft.  stv. 

K(juation  (3)  enables  one  to  make 
an  estimate  of  the  pressure  of  any  e.\- 
plosi\e  if  tlu'  detonation  velocity  is 
known,  .\nother  empirical  relation¬ 
ship  for  underwater  impul.se  which 
should  be  treatetl  only  as  an  order  of 
magnitude  guess  sinc-e  it  is  based  on 
scant \  data  is; 

(4)  b 

where  b 

Itnt 


Impulse  of  explosive  x 
lmpuls(‘  of  TXT  at  de¬ 
sired  weight  and  dis¬ 
tance 


E, 

Axailahle  energy  of 

explosive  x 

Ktst 

.Available  euergx  of 

TNT 

lb 

Dt'fouafiou  xflocify  of 

explosix  e  \ 

Dim-  Dctomition  velocifx  (  f 
TNT 

Hcpiation  (4)  is  "a[)plicahle"  only  in 

\\  i  .t 

the  range  where  —  >  0.3 

Hercules  PETN  resin  primers,  de¬ 
scribed  in  Table  11,  might  Ik*  ot  partic¬ 
ular  interest  in  metal  forming.  They 
can  be  furnished  in  a  variety  of  geo¬ 
metric  forms,  are  safe  to  use  if  handled 
properly,  and  easx'  to  initiate.  I’nder 
water  they  would  be  expected  to  gi\  t* 
moderate  pe;ik  pressures  and  rela¬ 
tively  high  impuls<‘.  Figure  5  shows 
an  underwater  pressure-time  reciud 
for  a  Hercules  primer. 

In  certain  applications,  long  cylin¬ 
drical  charges  might  be  re(puri‘tl.  l)et- 


oiiatiiig  fuse,  possibly  with  booster 
cluirges  sp.icetl  at  regular  intervals, 
seems  esptvialK  .ipplicahle.  The  Kn- 
sign-Hickford  (a)mp.mv  makes  I’rima- 
cortl*  detonating  fuse  in  a  xarietv  of 
explosive  stia-ngths  and  can  furni.sh 
fuse  with  detouatiou  rales  of  around 
20,.5(H)  ft.  sec.  and  23.(KH)  ft.  sec.  The 
prt)perties  of  various  types  of  I’rima- 
coril  are  shown  in  Table  111. 


‘Aiiu’riiijti  Miuhinixt  102,  pp.  l.'iT-l'W. 
.April  21,  195S. 

'Hliiiu'h.irt  .iiul  I’l-.irsdn,  lU'luit  iar  <>/  Mcltih 
1’udi‘r  Inifiulxivf  I.ihuI.s.  .Aiiu-rii-.m  Sor  it-tx  lor 
.Mt-l.iLs,  19.>l. 

'Tt-arMHi,  nrixatc  c-oiiiiniinicatioii. 

‘(aH>k,  "  liu‘  SiifiK-f  of  I  fish  Kxplosix 
.V('S,  M(>iu>^rai}li  130,  lU.^.S. 

'Tax  lor,  Dfloiuilion  in  (Unnh  iisnl 
xivvs.  Oxford  I’rcss,  19.52. 

‘Hroxxn,  Sx  inixoxiuin  on  .Miniiii!  lt<'N<-.irili. 
I’liix orsity  of  Nfissoiiri  School  of  Mines  and 
Met.illnritx’,  XoxeiniK-r  12  .ind  l.'f,  19.>(f. 

p.  12.i. 

(a)le.  I  lulcrutitt  r  /.v;i/osion.x.  I’riiu'eton 
I’ress,  19.5.S. 

'Stoner  and  Hle.tknex',  ].  .\]>itlicil  I'In/s.  If). 
UTU.  1948. 

•lU-K.  I’.  S.  I'.il.  Off.  1.x 

rile  Kiisigii-HK. klord  (ainip.iiiy 


Table  HI  PRIMACORD 


DeriKnation 

Core  ami  Construction 

liichrt 

Dianu'trr 

Tcnsilr 

Stmigih 

\\  righi* 
lh./10<N»  ft. 

I’K  I  N  No.  30  Tl.e-tu 

■30  grain/ft.  core  polxethxlene 

.1.5.5  .(K).5 

fill  111.  approx. 

9 

l)elaeoril+ 

40  gr.iin/ft.  core  asphalt  tape 
eotton  (Note  1)  xxax 

.17.5  ±  .(H»0 

SO  ih. 

12 

TKTN  No.  40  Tl.istie 

40  grain/ ft.  core  polvetlix  iene 

1.58  to  I  SO 

1  10  111.  .ipprox. 

10 

I’KTN  No.  50 

.50  grain/ft.  tore  aspli.dt  tai>e  eotton  xx.ix 

.198  ±  .(K)fj 

125  Ih. 

1.5 

I’lain  or  siniplx'  ixl.tiii  I’riina 
eord-a  stiK'k  hr.md 

TKTN  No.  .50  Tl.istie 

.50  grain/ ft.  tore  |H)|xethx  lene 

.195  :i.  .(KI.5 

1  10  Ih. 

1 45 

TK’TN  No.  (>0  Tl.istie  ll\ 

00  grain  ft./etire  jxolxetlixleiie 

.2(KI  ±  .(M).5 

1  10  Ih. 

16 

TKTN  No.  1(M»  Tl.istie 

100  grain/ ft.  tore  polxethxlene 

.230  to  .2  >5 

liolh. 

21 

TKTN  No.  .50  Tl.istie 

150  grain/lt.  eon-  t>olxethxlene 

(.23.5  to  .2 12 

di.i.  .dso 
.IX  ail.ihle) 

.2.85  It  .(M»5 

TSOlh.  ^ 

54.5 

TKTN  No.  -KKt  1-tt.  len«tlis 

4(K(  grain/ft.  tore 

.  125  ±  .out 

>00  111.  .ipprox. 

73 

TKTN  No.  100  (eontinuous  lengths  .5<K)  ft.) 

4(K)  grain/lt.  tore 

.425  ±  .010 

>0U  Ih.  .ipprox. 

73 

IT  TKTN 

2  grain/ft.  metal  tnhe 

.010 

- 

— 

TO  TKTN 

1  grain/ft.  metal  tnhe 

.010 

- 

— 

T9  TKTN 

•5  gr.iin/  ft.  metal  tnhe 

.105 

- 

— 

TH  TKTN 

20  gram/ft.  metal  tnlH- 

.123 

— 

“ 

•A  m.inufaetiirinK  Icilprance  of  plus  or  minio  10'~t  is  r<-c|iiir<-<l. 
♦Hi’K.  U.  S.  Pal.  Off.  by  The  EnMRn-Bickford  Company. 

Note  1 ;  All  of  (he  cotton  yarn  on  Detacord  is  red. 
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IVew  Vork  Trap  Rock’s  Olinton  Point  Quarry 
Wins  IVOSA  Safety  Contest 

horty-five  operating  memkers  of  National  Cruslied  Stone  Association 
esta  kl  isk  Injury-free  records  in  42nd  annual 
accident-prevention  campaign 


workt-rs  aiitl  inaiiageiiRMit  of 
1  tli(‘  Clinton  Point  (^)narry  of  tlif 
New  York  Trap  Ifock  C'oiporation 
wore  sinifK'd  out  for  liii'host  honors  in 
the  1957  National  Crnslu'd  Stono  As- 
s(Kiation  safi-ty  competition  when 
their  representative  was  presented 
with  'I'liK  Kxri.osiVKs  Knoinkkh  safety 
placpn'  at  th(‘  42nd  annual  eonvention 
of  the  association  held  rt“eently  at 
Miami  Beach,  Florida.  Forty-four 
other  memher  plants  also  attained  per¬ 
fect  safetv  la-eords  and  were  awarded 
enifrossi'tl  (Certificates  of  llonorahle 
Mention.  These  eertifieatt's  are  parch¬ 
ment  n‘prodnetions  of  the  award 
placjtie. 

The  pn'sentation  of  the  hron/.e 
safetv  pla<|ne,  a  traditional  feature  of 
the  Cn-etinn  lameheon,  was  made  hv 
II.  II.  Kirwiu,  ehairmau  of  the  .\eei- 
deut  Pre\enfiou  (Committee  of  the 
.\(C.SA,  to  Ceori'e  \\  hit«*,  superinti'ud- 
*‘nt  of  tlu‘  (Clinton  Point  (,)uarr\,  who 
aii-epted  the  eo\eted  tro|)hv  in  lu'lialf 
of  tiu'c'ompanv  aiul  his  fellow  workers. 

The  (Clinton  Point 
OuariA.  .Ill  open  (|uarrv, 
loeated  at  New  ll.im- 
1)111  ij, New  Mil k.aehies ed 
its  honor  h\  working  a 
tot.il  of  dTf.SOO  man¬ 
hours  w  ithoiit  a  lost-time 
iujuiA  tluiiue  B).)7.  ’Hu“ 
lh.')7  contest  ni.irks  the 
first  time  the  (Clinton 
Point  (^)n.iir\  has  Been 
so  honored  din  ine  the  12 
\eais  it  h.is  lompeti'd  in 
the  safetv  rompetition. 

Dnrine  the  12-vear  pe¬ 
riod.  the  dolomite  niiari  v 
has  oper.ited  .4,42S.2()7 
man-honrs  for  an  overall 
freipienev  rate  of  .T5.0()-') 
and  a  siAi'iitv  rate  of 
l,(xSS.;M7  da  vs  lost  per 
million  man-hours. 


'I'he  King.ston  No.  3  (^narrv  of  CCalla- 
nan  Road  Improvement  CCompanv  at 
Kimrston,  New'  York,  ranked  second 
in  the  19.57  competition  with  •3()1..56() 
man-honrs  without  a  lost-time  dis¬ 
abling  injury.  Third  place  in  the  com¬ 
petition  w  ent  to  Tomkins  Cove  (^narrv 
of  the  New  York  Trap  Hock  Corpora¬ 
tion  w  hich  amassed  a  total  of  264,.5(X) 
injnry-frt'e  man-honrs.  The  Tomkins 
(Cove  operation  jilacvd  sec'ond  in  the 
19.56  compr'tition. 

In  presenting  the  award,  a  Bronze 
plaipie  on  which  is  reproduced  the 
<|narr\'  scene  from  the  pedestal  of  the 
Sentinels  of  Safetv  trophv,  Mr.  Kirwin. 
w  ho  is  treasnrr'r  of  Kastern  Rock  Prod¬ 
ucts,  Inc.,  of  I’tica,  New'  5’ork,  stressed 
the  great  advanc'cments  that  have  Been 
made  in  ipiarrv  safetv  sintv  the  incep¬ 
tion  of  the  N’tCS.\  contest  in  1926.  In 
reviewing  past  contests,  .Mr.  Kirwin 
pointed  out  that  onlv  4t)  (|narrv  oper- 
.itions  wfie  entered  in  the  initial  com¬ 
petition.  and  of  these  onlv  two  oper¬ 
ated  w  ith  accident-f rt*e  records.  In  the 


1957  contest,  105  plants  were  repre- 
s(*nted.  and  of  these  45  operated  witli 
no  lost-time  injuries.  The  45  accident- 
free  operations— 37  open  quarries  and 
S  underground  mines— worked  a  total 
of  3,282,87.5  man-hours.  This  repre¬ 
sents  ahout  one-third  of  the  total  man¬ 
hours  worked  Bv  all  105  competing 
opt'rations. 

CCompetition  Aids  Safetv 

That  the  competition  is  a  factor  in 
estahlishing  safe  operations  is  proved 
By  the  f.ict  that  the  19.57  c'ontest  made 
one  of  the  Best  rm)rds  in  the  .32-ve;u' 
history  of  the  N(CS.\  safetv  movement. 
Only  the  1945  c'ontest,  with  a  severitv 
rate  of  l,0fJ3..384  per  million  man-hours, 
outranked  the  sev  eritv  rate  of  1.097.040 
estahlished  in  the  19.57  c-ompetition. 
.\  75  per  cent  improv  ement  was  made 
ovtT  the  1956  rate  and  a  78  per  cent 
Bc'tterment  was  noted  in  the  32-vear 
ovvrall  sev  eritv  rate.  More  plants  were 
enrolled  than  in  anv  previous  vear,  and 
9,96vS,640  man-honrs  were  worked  Bv 
the  105  entries.  This  rep¬ 
resents  more  than 
1,000,000  more  man- 
honrs  than  were  worked 
in  anv  prev  ions  vear. 

Tlu*  annual  competi¬ 
tion.  sponsored  Bv  Tiu-: 
Kxi'losivks  PCngineeh 
and  c-ondneted  By  the 
I’nited  States  Bureau  of 
■Mines,  is  open  to  everv 
operating  memher  of  the 
National  (Crushed  Stone 
Association.  The  govern¬ 
ing  rules  of  the  National 
Safety  (CCompetition  ap- 
plv  to  the  NCSA  conte.st 
and  the  same  statistics 
are  used  in  determining 
the  safetv  records  of 
competing  quarries. 

The  .\ccident  Preven- 


\ 


('()N(iKATl'I.ATI()NS:  (u'orne  White,  su|H'rintendent  of  the  (Clinton  Point 
(.tiiarrv  of  the  .New  York  Trap  HiK'k  ( Cor)>oration,  rewives  THE  E.XPI.OSIVES 
ENt.lNEEK  safetv  plaf|iie  from  II.  II.  kirwin,  ehairnian  of  the  Accident  Pre¬ 
vention  (Committee  of  the  N(CSA.  The  (Clinton  Point  (Quarry  worked  .374, S(K) 
man-hours  without  a  lost-time  injury  duriiiR  1957. 
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SAFETY  AWARD  WINNERS:  These  are  some  of  the  men  who  directed  their  operations  to  no-lost-time-injnn  records  and  received  safets 
certificates  awarded  at  the  42nd  annual  convention.  First  row:  C.  E.  Ransier,  J.  P.  Eivial,  Rurr  Shaver,  Win.  |.  (Mark,  Howard  (’essford,  ('ol. 
W.  D.  MiliH*.  Second  row:  j.  R.  Joseph.  Eeon  Lewis,  Howard  Perrs',  ('harles  DashiiHT.  (ieorge  White,  11.  11.  kirwin,  Emil  Bt'irv,  Robert  Wright, 
I).  R.  Knott.  Third  row:  R.  I..  Walker,  John  Jomen.sen.  (ieorge  Foster,  Charles  Bass,  W.  E.  Schmidt,  (1.  B.  Phillips.  Harrs  Wells,  Allen  B. 
Radford,  and  W.  Mcdee.  \  total  of  A.Y  plants  o|H'rated  during  1957  with  perfect  safety  n-cords. 


tion  (-ommittee  of  the  .Y.s.sociation,  in 
ccMiporation  with  the  Buroati  of  Minos 
officials,  lias  clevolopecl  a  now  basis 
for  fntnro  ooinpiditions  .so  that  it  will 


1)0  possiblo  for  a  (jnarr\’  oporator  to 
ooinpoto  with  othor  oporators  of  his 
rolativ  o  si/o.  Kntrv  blanks  ami  oontost 
rnlos  inav  bo  obtainod  bv  writinij  to 


tho  branch  of  .\c-c  iilont  .\nalvsis.  Divi¬ 
sion  of  Safotw  I’nitod  Statos  bnroati 
of  Minos,  Doparfmont  of  tlu'  Inti’iior, 
\\  ashini;ton  25.  I).  (,'. 


CKkTIIICATK  WINM:RS 

FUa  RES  REPRESENT  NT’MRER  OF  ACCIDENT-FREE  MAN-IIOl  RS  WORKED 


KinxMon  Plant  \n.  1 

Kineston.  .Nexx  York,  operated  hx 

Oallanan  Hoad  Itnprox emt*nt  (annpanx 

Honne  Terre  Quarry 

Bonne  Terre.  Missouri.  o|XTated  hx 
Valley  noloiiute  ('or|x>ration 

.'58.018 

Tonikinx  C'ovr  Quarry 

Tomkins  C'oxe.  Nexx  York,  o|>erati*d  hx 
N'evx  Yt»rk  Trap  Htnk  Cori>oratj(»n 

2fi4..SOO 

Jamestown  Quarry 

Jamestoxsn.  North  C^irolina,  ti|X'ratt*d  h 
SuiAenor  Stone  (aunpaux 

.58.778 

Kraiivr  Quarry  No.  1 

('oliiinhia,  Illinois,  o|)eratt*d  hx 
('ohimhia  Quarry  Ctmipanx 

2 1  .t.fiHH 

l.ima  Quarry 

l.ima.  Ohio.  o|x*rat<‘d  hx 

National  l.ime  ^  Stone  (amipaiix 

.51. (00 

^'allnry^r  No.  1  I.inirstonr  Mine 
\  almexer,  Illinois.  oiM  rated  hx 
(ailumhia  Quarry  Company 

21  1.470 

Cnion  Kiimac'e  Quarry 

Tyrone,  Pennsylx  ania.  o|x*rated  hx 
Warner  (amipany 

.50.542 

Pleasant  Cap  Mine 

Pleasant  (iap,  Peniisx  lx  ania.  i>ix'raled  hx 
Standard  l.ime  and  Ceint'iil  C^impanx 

l.?4.72« 

Prospect  Storre  No.  6  Quarry 

Pros|x*i  t,  Nexx  York,  o|x  rated  hx 
Fastern  Rot  k  Products,  lnet»rix>rated 

40.408 

Cheektowaica  Quarrv 

('heektowaga,  N«*w  York.  oix*rat<*d  hx 
Federal  Crushed  Sttuu'  f%)r|xiration 

1 4.^.2 1  ^ 

Sodus  Quarry 

Sodus.  Nexx-  York,  o|X‘rated  hx 
(»(‘n«*ral  ('rush«*d  Stone  Companx 

48,9:).) 

Ptninding  Mill  Quarry 

Poundins  Mill.  Vircinia.  o|x*rated  h> 
Poiindint:  Mill  Quarrx  (^>r|X)ration 

1 42.6!):l 

White  Haven  Quarry 

White  llaxen.  Petinsx lx ama.  o|H'rated  h 
(o*neral  ('rushed  Stone  Companx 

48.782 

South  Br'thleheni  Plant  No.  I  Quarry 

South  Ht*thlehetn.  Nexx  Ytirk.  t»|x*rated  hx 
Callanan  Road  Improxement  Companv 

Ofi.ISO 

Rix  Horn  Quarry 

W  arren.  Montana.  o|x*rated  hy 

W’eav«*r  (amstnution  (aunpanx 

48.500 

M'est  Nyark  Quarry 

West  N’yack.  Nt*w  York.  o|x*rated  hv 

New*  York  Trap  Hink  ('tirixiration 

H.l.OOO 

(N  press  Quarry 

(!xpress,  Illinois,  operated  hx 

Charles  Stone  ('ornpanx 

42.888 

kinihalllon  Mine  / 

Kimhallttin.  \’ir(nnia.io]x*rat(*d  hx 
Standard  lame  and  (k  tnent  Cotnpatix 

82.09:) 

(■ape  (>iranleau  Mine 

(\i|>e  (orardeau.  Missouri.  o|>erat('d  hx 
Federal  Materials  Companx .  Iiu 

:)8.2I0 

Alden  Quarry 

.Alden,  loxsa.  oprrat(*d  hv 

Weaxrr  ('onstnictitm  Companv 

80.000 

RusseMville  Mine 

Riissellx  ilh*.  K(*ntu(kx.  o|>erated  hx 
kentuckx  Stone  (aimpanx 

:)8.:i80 

Plains  ille  Plant  No.  4  Quarry 

Plains  die.  Connet  ticut.  t»|XTated  hv 

N(*x%  flaxen  Trap  Htn  k  Caiinpanx 

02.100 

l.iherty  Mine 

I.iherty,  kentiukv,  o|ierat<*d  hx 
(?asev  Stone  Companx 

:)4..580 

Hock  Hill  Quarry 

(^uakertoxxn,  Pennsxlvania,  o|>erated  hx 
C»eneral  Crushed  Stone  (atinpanv 

01.220 

Munnxxille  Quarrx 

Munnsxille.  New  York,  o|>erated  hx 
Munnxxille  Limestone  (a»r|>oratn»n 

.)0.420 

Rakers  Quarry' 

Mtmroe,  North  Candma,  o|x*rated  hx 
Su|x*ht»r  Stone  (aunpany 

00.808 

Cairo  Quarry 

(?airo.  N«*xx-  York.  o|>erated  hx 
('atskill  Mountain  Stone  (airixiration 

28.800 

('edar  Hollow  Quarry 

n(*xault,  Pennsylx  ania,  operated  hy 
Warner  Cttmpanv 

,'58.028 

Avoca  Quarry 

.Ax  oca,  kenliicky.  o]X‘rat(*d  hy 

Jefferson  Counts  Stone  (aunpanx’,  Inc  . 

27.104 

\\4iikrshji  QiijirTA 

\\  iinkoh.i,  NN  iscoiiMiK  o|H'ri«tr(l  h\ 

\N  ankt'sli.i  l.iitic  cN:  Stoiic  ( !oiiip.in\  .  It 
T>nnir  Minr 

T\roiM-.  k('iitH(k\,  o|>cr.«t(-<1  hv 
K<‘iitii(k>  Stout*  Cotii|Mn\ 

HiU'kliind  Qiimita 

HiKkl.iitd.  niiio,  o|>cr.itf-(i  h\ 


Stoiic  (]on»|>. 


ria.  o|X’r.il«‘(i  t>\ 
M.itcri.ils  C'or|Mir.itioti 


National  1. 

OakihmI  Qumita 

Iltlll, 

South  Kavtcn 
Kimrr  (^iiarrA 

Hiin<‘r.  Ohio,  o|>«*rati‘(l  h\ 

Nattoiial  l.iiiH*  and  Stout-  (^tnipaiiA 
Hoom*A}mro  Minr 

Hooii(*Ahoro.  Kfntn<k>.  o|M-rat«*d  l*\ 
Kcntiickv  StoiK*  (!oinpan\ 

Mrlnipolis  No.  10  (^iiarrv 

\lctro|>oIis.  Illinois.  o|>t'ratfd  h\ 

( iohiinhia  (,>narn  ( loinpanv 
Kast  l.ih«*Hv  QiiarrA 

Fast  l.dM*rt>,  Ohio.  o|Hrati*d  h\ 

National  larnt-  and  Stout*  OtHiipaiiA 
l  ick  Orrk  <.^uarrA 

l.i(  k  (  reck.  Illinois.  ti|>«*ratt'd  hy 
(aihiinhia  (,)tiarr>  ('onipanv 
Kan«l\illr  <.^iiarrA 

HandNilh*.  Muhitfan.  o|>t‘r.itt*d  h> 
SniM-nor  Hock  rrtHhuts  (%)tAip.«n\ 
Knippa  Plant  No.  4 

Knippa.  I’fxaA.  oixratcd  hx 
Southwest  Sttinc  (ainipanx 
Pleasant  \'allr>  (^iiaiTA 

Plt*aAant  N'allrx.  New  Ytirk.  o|>t  rati*d  hv 
l>ut(  h(‘ss  Qu.irrx  and  Siipplx  ('otnpanx. 
(>oshrn  Quarry 

(htshi  ii.  \t*w'  Vtirk.  o|>t'ratrtl  hx 
l)iit(h(*xx  Qiiarrx  and  Snpplx  (  tnnpany, 
l.owden  Quarry 

I.oxvdt*n.  loxAa,  o|>«*rat<‘d  hv 
Wraxcr  (’onstniction  fatmpanv 


24.000 

22.%07 

20,000 

10,411 


TIIK  FXPI  OSIVFS  FN(;!NFFR 
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When  the  last  hardrock  tunnel  has  lieen  driven 
And  the  miners  gather  ’round  on  judgment  morn, 

Then  the  roll  Saint  Peter  calls  will  lie  much  different 
From  the  names  the  mothers  gave  when  they  were  bom, 
Names  hardrockers  l)ear  tell  stories  of  strange  habits. 
Or  of  some  boneheaded  stunt  they  may  have  done. 
Some  odd  style  of  speech  or  in  strange  manner  working. 
Or  of  lands  of  which  they  are  the  native  son. 


Stepanfetchit,  Grea.seball,  Okie,  and  Doughlielly, 


Zhe 

Hardrockers 
Roll  Call 


Ohaklks  F.  Thomas* 


'  Box  978 

I’almdalf,  ('alifornia 


Tall  Long  John,  The  Gunner,  and  dour  Timecheck  Mike 
Roughhou.se  Mac,  Piccolo  Dick,  and  Goldl>elt  Freddie, 
Johnny  Barrel,  The  Little  Giant,  Blowpipe  Ike. 

There  are  Shorties  by  the  dozens,  and  the  colors 
Are  all  tagged  upon  the  miners  whom  you  meet. 

There  are  Red  and  Blackie,  Whitey,  and  Old  Brownie, 
Dutch  and  Scotty,  Swede,  and  gray  Three-Finger  Pete. 

Casey,  Screwloose,  Dude,  The  Stoper,  and  Black  Diamond, 

One  Look,  Short  Fu.se,  Sockless  Sam,  and  Fat  and  Slim, 

Crowbar  Walters,  Plumh{x)st  Peters,  and  The  Lawyer, 

Jumprail  Jackson,  Wreck  and  Ruin,  Payday  Jim, 

Mkssksip,  Mizzou  and  Tex,  and  Shorthole  Rogers, 

One  Eye,  Skinny,  Sinker  Joe,  Hot  Shot,  Dingdong  Bell. 

So  the  names  go  as  you  hear  or  read  them; 

And  who  has  dubl>ed  them  thus  no  one  can  ever  tell. 

You  may  toil  beside  a  chap  in  shaft  or  tunnel 
Or  may  drink  with  him  while  loafing  ’round  a  bar; 

Listen  to  the  yams  he  tells  and  tr>'  to  best  him 
In  the  ones  you  spin  to  keep  you  on  a  par. 

But  it’s  two-to-one  you’ve  never  learned  his  true  name 
And  it’s  odds  that  he’s  no  l^etter  naming  you. 

For  the  name  you  earn  around  a  hardrock  tunnel 
Is  the  one  your  buddies  speak  when  you  are  through. 
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NEWS  NOTES 


PARTON  NAMED  VICE  PRESIDENT 
GENERAL  CRUSHED  STONE  C  OMPANY 

O.  E.  B«'n,son,  president  of  Tlie  Ci<“nrral 
Crushed  Stone  Company,  announced  tlie 
election  of  M'.  Julian  Parton  as  vicx*  president 
—  operations,  effective  March  23,  1959.  Mr. 
Parton  has  In-en  assistant  to  the  president  .ind 
a  member  of  the  Board. 

A  1938  mining  eiiRineer  Rraduate  of  Penn¬ 
sylvania  State  I’niversity,  Mr.  Parton  took 
postgraduate  work  at  the  University  of  Wash- 
inRton,  eaminR  a  Master  of  Science  deRree 
in  MininR  EnRintH-riiiR.  The  professional  de- 
Rree  of  EnRine<*r  of  NIin«‘s  was  award»'d  by 
Pennsylvania  State  University  in  H)44.  He 
is  a  memlier  of  Pennsylvania  Six-iety  of  Pro¬ 
fessional  EnRineers;  American  Institute  of 
MininR,  MetallurRical,  and  Petroleum  EnRi¬ 
neers;  and  .\merican  ManaRement  .Assm-ia- 
tion. 

Tlie  Cieneral  CriLshed  Stone  Company, 
with  offices  in  the  Drake  RuildinR.  Paiston, 
Pennsylvania,  ojxTafes  ten  stone  (piarries, 
twenty-four  bituminous  coiuTete  plants,  four 
sand  and  Rravel  plants,  three  aRricultural 
limestone  plants,  and  thri'e  ready-mi.xed  con- 
<Tete  comp.mies  in  New  York,  Delaware,  aiul 
Pennsylvania. 

CONSTRUCTION  EC^UIPMENT 
MANUAL 

Pacific  Merciirs's  new  19.59  cataloR  and 
technical  m.inual,  detailiiiR  siieiifications, 
service,  and  inainfenani'e  data  on  the  com¬ 
pany’s  complete  line  of  construction  e<|uip- 
ment,  is  now  available. 

The  new  cataloR  includes  complete  infor¬ 
mation  on  the  company’s  newest  pro<hufs  — 
the  PN  "Solo”  Caincrete  A’ibrator,  a  new  line 
of  flasher  warniiiR  liRhts,  and  the  automatic 
load  demand  system. 

PM  electric  plants  for  public  utilities  com¬ 
panies,  the  construction  industrs',  trailer  and 
marine  o|X‘rators,  fire  departments,  fanners, 
and  home  owners  are  also  described. 

Copies  may  be  had  without  cost  b\  wTifiiiR 
Pacific  .Mercurs',  140.52  Burbank  Boulesard, 
\  an  Nuys,  California. 

INJECTOR  DRILL 

The  Houston  Tool  Comjianx  has  intro¬ 
duced  a  new,  hydraulically  njx'rated,  lom- 
ph'tely  selfH'ontained  injector  drill,  \xhich. 
accordinR  to  the  manufacturer,  meets  all  the 
needs  in  the  field  for  any  t>  |x>  of  rotar>-  drill- 
iiiR  ojx'ration  in  its  class.  This  new  drill, 
the  "Housfon-Hi-A’ac  Injector  Drill,”  Model 

H.  D.  250,  will  drill  at  any  aimle  in  any  kind 
of  fonn.ition.  It  weiRhs  I.SOO  lb.  and  can 
be  mounted  in  any  four-wheel  “4-ton  pickoip 
truck  or  on  a  tandem  wht'el  trailer.  For 
furtlu'r  details  write  to  Houston  Tool  Com¬ 
pany,  P.  O.  Box  251,  Santa  Susana,  Califor¬ 
nia. 

JAC  KETED  STAINLESS  VALVES 

,\  new  Inilletin  desrrilv.'s  a  line  of  .\lo\co 

I. 50-lb.  and  .3(K)-lb.  fully  j.icketi'd  stainless 
steel  valves  desiRned  for  fluids  difficult  to 
mn\e  at  room  tempM-ratiires.  .\ccordinR  to 
the  manufacturer,  all  valves  are  intcRralb' 
cast  in  a  wide  ranRe  of  corrosive-n-sistant 
alloys.  Sectional  views  show  Rate,  Rlobe. 
and  check  vabe  desiRns  illustratinR  exten¬ 
sive  jacketinR  which  includi's  bonnet  areas. 
Teflon  disc  desiRns  and  fl.inRed  fittiiiRs.  also 
available,  are  descrilx'd  and  illustrated. 
Write  to  .Alloy  Steel  Products  Company.  Inc.. 
Linden.  New  Jersey,  for  a  copy. 

NEW  PORTABLE  COMPRESSOR 

.An  addition  to  the  <-urrent  600-c  f.m. 
portable  rotarx  compressor  cl.iss  has  Ix-en 
announced  by  the  WorthinRton  Corporation. 


The  new  unit  is  equipix'd  xxnth  Cuuunins 
eiiRine  M(xlel  NH-220-B1.  Manufactured  at 
the  corporation's  Holyoke,  Ma.ssachu.s*'tts. 
Dixision.  the  nexx-  unit  features  a  uniipie 
"oxer-under”  desiRn  that  puts  the  first-st.iRe 
lompressor  cylinder  direx'tly  oxer  the  sec¬ 
ond  staRe.  It  has  s«>ll-draininR  cylinders, 
a  silent  chain  drive,  and  is  equipix-d  xvith 
two  filters. 

.A  bulletin  containinR  x-omplete  specifica¬ 
tion  data  may  lx-  obtained  by  wrihiiR  \N  orth- 
inRton  C'orixiration,  Harrison,  New  Jersey. 
Please  sjiecify  bulletin  fifl.5.S-Sl. 

catalck;  of  track  wheels 

AND  ROLLERS 

C’ataloR  No.  34  x-ontainiiiR  a  stock  list  x-om- 
plete  xvith  six'iifix-ations  and  data  on  trai-k 
xvheels  and  rollers  is  now  available  from 
V..  O.  Bartlett  tV  Snoxv  Company,  62(K)  Har- 
xard  .Axenin'.  (dexx-land,  Ohio.  Tlie  c.it.doR 
states  that  their  wJieels  and  rollers  can  lx- 
used  on  materials-handliiiR  expiipment.  in¬ 
dustrial  cars,  tripix-rs,  lorries,  I'onxeyors,  and 
on  a  xvide  variety  of  track-  or  rail-supported 
machinerx-.  Wheels  and  rollers  are  available 
xvith  sinRle  or  double  flanRes,  straiRht  f.ii-es, 
or  as  self-lubricated  units.  .A  xvide  varietv 
of  sizes  is  available. 

AIR  MOTOR  JACK  LITERATURE 

.A  six-paRC  brox'hure  has  just  been  issued 
des(  ribiuR  "Yx'llo-lackit”  air  motor  j.icks.  In¬ 
dustrial  and  construction  apolications  for 
these  heaxy-dutv  jacks  are  illustrati'd  and 
described.  Data  are  provided  on  all  nuxli'ls 
in  the  line  in  a  ix'rform.ince  chart,  accom¬ 
panied  by  various  product  photos  and  cnt.i- 
xvax-  draxxinRs. 

For  free  copix's  xxTiti*  to  Caistomer  Serx  icx- 
Dx-pt..  Tile  Ixiyce-Crixllanxl  Cxiinpany,  2027 
F.xst  First  Strx-x't.  Daxtxin  3.  Ohixi. 

NEW  .30-B  TRANSIT  CRANE 

.A  iM’xv  ■1.5-tx)n  Mixlx-I  -lO-B  Transit  Cranx- 
has  Ix'en  announced  bx-  Bucx  rus-F.rie  Cxiin¬ 
pany,  South  Milxvaiikee.  Wisconsin. 

.Accorxliim  to  BiKxrus-Erie.  the  nx-xv  30-R 
xTane  can  lift  a  maximum  load  of  -lo  txins 
xxitli  a  40-ft.  boom  at  a  raxlius  of  15  ft.  Tin- 
machine  can  lx-  iisexl  as  a  1  to  I's-xxl.  box-. 
1  to  l“4-yil.  shovel.  1  to  l*4-vxl.  dr.iRlinx-,  and 
as  a  clamshell.  Tlie  nexv  cranx-.  xx-hich  xvill 
reach  140  ft.  xx'ith  jib.  has  a  Jioxan  f,ibricatx-xl 
of  Tri-Tx-n  steel  featiirinR  extra  stronR  x  horxl 
aimlx-s  and  larRer  cross  sections.  Pxiint 
sheaxes  are  mountexl  on  prx-sealed.  jx-rni.!- 
nentlx  lubricated,  .intifrictixin  beariiiRs.  Writx 
to  Bucyrus-Erie  for  nixire  cximplx-te  di-t.xils 

f  OMBINATION  I.INE  STARTER 
CONDULETS 

('rouse-Hinds  has  txx-o  nx-xv  combin.itixin 
line  starter  Cxinilnlx-t  x-nclxisurx-s:  Txpx-  DMC 
Cnnst-lRnitixin-Proon  and  Tvix-  WMC 
iV’atertiRhtV  Tliev  are  Jiasicallx-  the  same 
xlesiRn  except  for  the  Ivxlv  anxl  cfixx  r  ni.itiuR 
surfaces. 

Cronse-Hiiuls  claims  that  FfMC-WMC 
Condnlx-ts  are  xlesiRiix-xl  to  ax  cent  anxl  xiiier- 
.'ite  anx-  of  the  x  arimis  makx-s  xif  motor  start¬ 
ers  and  circuit  breakers.  SinRle-speexl  non- 
rexersinR  combinations  are  x-xpiippi-xl  xxith  a 
unixers.il  inountinR  plate,  motor  starter  reset 
assembly,  anxl  xHreuit  brx-aker  operatiiiR  as- 
semblx'.  No  snbstitutixins  of  anx-  parts  on 
the  Conxbilefs  are  reqnirx-d.  More  xli-tails 
can  lie  obtainexi  from  Cronse-Hinxls  Com¬ 
pany,  Syracuse  1,  New  York 

HKAVY-DI  TY  AIR  MOTORS  BULLETIN 

A  nexv  bulletin  bv  Jov  xlesx-rilix-s  12  mxxlels 
xif  the  x  ompany’s  lini-  of  Pistonair  air  motors. 


DesiRned  for  extra  heavy-duty  serxice,  the 
liullx-tin  states  that  the  motors  raiiRe  from 
1 1 W  to  20  hp.  anxl  have  output  shaft  sivx-ds 
frxim  19  to  StK)  r.p.m.  at  rated  horsejxixver. 
Diri-i-t-drive  nuHlels  xvith  standarxl  U.iiiRe. 
NEM.A  D  flaiiRc  xir  fxvit  mountiiiRs.  and 
Rearx-d  drixe  iiixhIx-Is  xvith  fixit  mxiuntiiiRs  arx- 
shoxvn.  Complx-te  siv-xifix-ations,  dimx-nsixin 
(IraxxinRs.  txiripie  and  horsx-ixixxer  curxes, 
tliTottle  variations,  anxl  a  ciitaxvay  illustra¬ 
tion  an-  incluili-xl.  Fxir  a  xxipx  xxrite  txi  Joy 
SlanufacturinR  ('onipanx-.  Olixx-r  BuilxliiiR. 
PittsburRli  22,  Pa. 

INDUSTRIAL  POWER  UNITS 

Intrxxliix'tion  of  fxiiir  iix-xv  iiulustrial  pxixver 
units,  xvhix-h  imxv  Rives  thx-  Fxirxl  inxliistrial 
x-iiRinx-  line  a  full  x-ximplx-nix-nt  xif  jixixxer  unit 
x-ximbin.itions  for  its  xliesel  atiil  Rasxiline  in- 
xlustri.d  x-iiRiux-s,  xv.is  announx-x-xl  rx-x-x-ntly  bv 
Forxl  Dixision’s  lnxlustri.il  FiiRinx-  Dx-part- 
nieiit. 

riix-  ;mnx>unx-enix-nt  states  that  thx-  pxixvx-r 
units  inxluilx-  thx-  most  mxMlx-rn  inxlustri.xl 
eiiRines  fullv  ,ixl,iptx-il  xvith  shx-x-t  mx-t.d  hxius- 
iiiR  anxl  instrumx-nt  ii.uix-1.  elx-x-trix-al  sxstx-m. 
r.ixliatxir  assx-nibly,  skixl-tyiv-  mouiitiuR,  anxl 
xithx-r  x'xnnpxmx-nts  xvhich  111. ikx-  thx-  unit  rx-,ixlx 
Ixir  its  inxliistrial  job. 

'Hix-  nx'xv  iioxxx-r  units  are  built  arxiunxl 
Forxl’s  330-xu.  in.  six-cylinxler  xlix-sx-l  x-iiRine 
anxl  thx-  tlirx-x-  nx-xv  Supx-r  Dutv  R.isxilinx-  en- 
Rinx-s  of  401,  477,  anxl  534-x'u.  in.  xlisplax-e- 
nix-nt.  Fxirxl  alrx-axlx'  xiffx-rs  jixixxx-r  units  for 
its  xitlix-r  xlix-sx-l  anxl  Rasx>linx--i')oxx-x-rexl  indus¬ 
trial  x-iiRinx-s,  In-RinniiiR  xvith  the  I34-xu.  in. 
x-iiRinx'. 

PROSPEC  TOR'S  HANDB(N)K 

A  hanxIbxKik  fxir  .Alaskan  prxisjix-x  txirs  anxl 
xithx-rs  interx-stx-xl  in  thx-  sx-arxh  .iiul  lox-.itixin 
xil  xirx-  xleposits  xvas  publishx-xl  rx-xx-ntlv  bx- 
t'lx-  Sxhoxil  of  Minx-s  at  thx-  Unixx-rsitv  xif 
Alask.i.  Thx-  h.iiixlbxixik.  x-ntitlx-xl  “Intrxixliix-txirx 
Prospx-x-tiiiR  anxl  MmiiiR.”  xx.is  xvrittx-n  bv 
l.x-xi  M.trk  Anthonx',  assistant  prxifx-ssxir  of 
miniiiR  extensixin. 

It  xx'as  oriRinallx-  prx-p.irx-xl  in  Ix-ssxm  fxirni 
to  snpiili-ment  instrux  tixin  xiffx-rx-xl  in  miniiiR 
extx-nsion  x-xiursx-s  in  prxispx-xtiiiR.  This  90- 
p.iRx-  introxlnxtxirx-  bxioklet  on  prxisnx-ctiiiR 
anxl  niiniiiR  xxint.iins  infxirmatixin  xxhix-h  is 
usx-fni  txi  .mxxiiix-  intx-rx-stx-xl  in  thx-  Imixl.i- 
nix-nt.ils  xif  minx-r.il  ixli-ntifix-.itixin.  Rx-xiIorv, 
.mxl  miniiiR. 

Hix-  bnllx'tin  can  bx-  xibt.iinx-xl  tliroiiRli  tlix- 
Sx-hool  of  Mines.  P,  ().  Bxix  198,  (jiIIx-rx-, 
\l.tska.  It  sx-lls  fxir  $2. "50  |v-r  x-opx 

SM  ALL  COMPRESSOR  EOR 
PERMANENT  OR  SKID  MOUNTING 

■Atlas  Coj-Kxi  h.is  .iimounx-exl  thx-  introxliic- 
tion  to  thx-  Amx-rix-an  market  xif  a  <-xinip.ix-tlx- 
xlx-siRiix-xl  anxl  x-x-onximix-.illy  opx-ratexl  .lir  x-oni- 
prx'ssor  xlelivx-rinR  I  075  cii.  ft.  of  air  per 
minute  at  I(K)  p.s.i. 

Cxnnpanv  spxikesmen  saixl  thx  nx-xv  EH-0 
xxhich  xvx-iRhs  fi.fiOO  lb.,  may  1m-  installed 
x-itlix-r  as  a  statixinarv  unit  or  mximitx-xl  xin  a 
slixl  fr.imx-  as  a  semiportable  machine  for 
x-xinstruction.  mine  dex-x-Iopment.  xir  other 
tempxirarx-  usx-.  Thx*  nx-xx-  x-ximnri-ssxir  fx-a- 
fnres  siix  li  an  extreme  xleprx-e  of  balance  that 
it  can  be  ojM-ratexI  on  a  skill  frame  xxithont 
aililitional  fastx-niiiR  to  a  foimxlation.  ax-corxl- 
iiiR  to  the  mannfax  tnrer.  Some  of  the  advan- 
t.iRes  claimx-xl  for  the  nx-xv  compressor  are; 
rexhicx-xl  space  rx-xpiiremi-nts,  simplifii*d  lubri¬ 
cation,  xlrop-forRx-  x-ranksh.ift,  anxl  annular 
X  alvx-s. 

Comulete  xlefails  mav  1m*  obtainexi  from 
Atlas  C'opxii  F-..istx-rn.  Inx-.,  Paramus,  Nexx- 
Jersev,  or  Atlas  Copco  P.u-ifix-,  Inc.,  .San 
(^irlos,  California. 
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ABC 

NEOLON  FLEXIBLE 
VENTILATION  TUBING 


270  Argonne  Rd.,  Warsaw,  Indiana 


SALES  ENGINEERS 

Explosives  manufacturer  has  attractive  sales  openings  for 
men  with  technical  or  practical  background.  Men  under  30 
preferred.  Considerable  traveling.  Liberal  benefits. 

An  excellent  opportunity  to  apply  your  knowledge  of  min¬ 
ing,  quarrying,  construction,  and  related  industries. 

Replies  held  in  strict  confidence.  Send  complete  resume 
(photograph  optional)  to: 


P.  O.  BOX  1071 


WILMINGTON  99,  DELAWARE 


VIBRATION  EFFECTS 

ON 

STRUCTURES  •  WELLS  •  PIPE  LINES 

HAROLD  H.  WHITE 

CONSULTING  ENGINEER 
2831  EAST  14TH  STREET 
JOPLIN,  MISSOURI 

Seismograph  •  Accelerograph  *  Electronic  Comparascope 
Micro  Barograph  Surveys 

Investigation  of  Explosions  and  Explosives  Accidents 


Future 

Reference 


The  six  issues  of  The  Explo¬ 
sives  Engineer  published  in 
1958  are  available,  bound 
attractively  in  cloth.  These 
will  be  sent  to  post-office 
addresses  in  the  United 
States  and  Canada  for 
$6.50  each,  or  for  $7.50  to 
other  countries  (limited). 
Send  remittance  and  order 


990  KING  STREET 
WILMINGTON  99,  DELAWARE 


EXPLOSIVES  USERS  —  If  you  are  experiencing  or  anticipate  legal  or  public 
relations  problems  arising  from  blasting  effects  — 

Send  for  Our  BROCHURE  Describing  Our  Services 

(Prita  Sthadula  Actompaniai  Brochura) 

Seismograph  Protection  —  Preblast  and  Postblast  Property  Inspections 
Condition  Surveys  and  Appraisals  —  Electrical  Resistivity  Surveys 
Vibra-Log  Service  —  Seismograph  Rentals  and  Sales 


The  Explosives  Engineer  jHE  VIBRATION  ENGINEERING  COMPANY,  INC. 


407  Notlofiol  Bonk  Bldg. 


Rhono:  Glodstono  5*1961 


Pittsburgh  Area  Office 
Philip  R  Berger,  Mgr. 

Bradford  Road 
Bradfordwoods,  Pa. 
Phone:  WEstmore  5  1635 


8  F  Howell,  Jr.,  Ph  D.,  P  E 
Chief  Seismologist 


Affiliated  with 

Frank  Neumann,  Seismologist 
4546  45th  Ave.,  N.E. 
Seattle  5,  Wash. 

Phone;  lakeview  4  0028 


For  Millisecond  Delav0lasting 


are  now  available  in  three  periods:  5,  9  and  17  MS 


This  unretouched  photograph  was  enlarged  from  a  16  mm  frame. 
It  shows  a  multiple  hole  blast  detonated  with  Primacord,  and  hooked 
up  with  Primacord  MS  Connectors  in  the  trunk  line.  Note  the 
steady  progress  of  this  blast  from  the  point  of  initiation  at  the  left, 
as  indicated  by  the  red  line. 

Millisecond  detonation  of  Primacord  down  lines  in  medium  size 
holes  offers  many  advantages  in  multiple  hole  blasting.  Milli¬ 
second  delay  relieves  burden,  results  in  improved  fragmentation. 
Less  explosive  may  be  required  than  for  comparable  instantaneous 
blasting.  Decreased  vibration  and  concussion,  controlled  throw 
and  reduction  of  bootlegs  are  other  advantages. 

Under  certain  conditions  the  danger  of  cut-off  holes  can  be 
minimized  when  Primacord  MS  Connectors  are  used  on  the  order  of 
5,  9  or  17  milliseconds.  In  any  event,  the  presence  of  unexploded 
powder  in  the  muck  is  less  hazardous  when  Primacord  is  the 
detonating  agent.  It  cannot  be  set  off  by  stray  electrical  currents, 
sparks,  or  ordinary  shock,  but  must  be  detonated  with  fuse  and  cap 
or  electric  blasting  cap. 

For  more  information  see  your  explosives  supplier  or  write  to 


A  Primocord  MS  Connector 
consists  of  o  metal  tube  2% 
inches  long,  containing  on 
element  that  produces  o 
delay  measured  in  5,  9  or  17 
MS.  A  foot  of  Primacord  is 
crimped  in  each  end  of  the 
tube.  The  Primacord  trunk 
line  is  cut  between  holes  and 
the  MS  Connector  joined  to 
each  of  the  two  ends  with  a 
tight  sciuore  knot,  or  lapped 
with  pressure-sensitive  tape. 
Packed  SO  to  a  cardboard 
tube,  500  to  a  cose. 


16  mm  movie  film  from  which 
this  enlargement  was  made. 


*Monvfocfur*d  by  t.  I.  dufont  d*  Nemours  t  Company, 
Aroihbh  through  onp/otiroi  tuppbort 


ENSIGN-BICKFORD‘°«'- 

Simsbury,  Connecticut  •  Since  1 836 

Safety  Pute,  Primacord"  and  Oetacord"-'  Detonating  Fuse,  Ignitacerd",  Quarrycord",  Pyrotechnical  Devices  and  Blasting  Accessories 
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BUrYRUS 

ETil  E 


Ability  to  handle  the  most 
punishing  work  and  be  ready 
when  you  need  it 
makes  the  BUCYRUS-ERIE  40-R 
the  most  outstanding 
rotary  drill  on  the  market. 


under  all  drilling  conditions 


In  Granite-Hard  Formations  ofx'rnfor  can  cxorl 
niaxinuiin  down  prt*ssuri‘  on  tin*  i)it  for  most  cfTt>c- 
tivc  jH-nclralion. 

In  Soft  Formations  oiK*ralor  increases  rotating 
siMH-ri,  eas<‘s  the  down  pressure  and  keeps  air 
vel(H  ity  high  so  that  the  l)it  will  not  lx*  buri(*d  or 
chokini  in  cuttings. 

In  Fissured  Formations  the  40  H  instantl.v  adapts 
to  eacli  new  set  of  conditions  without  stopping 
the  o|M‘ration. 

For  illustrattHi  hull(‘tins  on  the  40  H  (diestd  or 
eUx  tric  for  drilling  0^  i  to  9-in.  hol«*s)  or  the  oO  R 
(full  eltH’tric  for  drilling  9^8  to  12' j-in  holt's) 
writ**  Dept.  lHr)9I).  Hucyrus-Krie  (’ompany,  Drill 
Division,  Richmond,  Indiana. 


Builds  Better  Equipment 


1 

>■  V‘. 


IMPOSSIBLE 

WITHOUT 

EXPLOSIVES 


To  lircak.  <lo\Mi  coal  'catii'  ititcr~|icr'C(l  with  thick  haiid-  ol  hca\  \  rock 
anil  'late,  a  >tronL'.  ilcii'C  L'radc  ol  |icrtiii"dilc  |»o\\dcr  i>  needed  to 
net  econoniical  re'idt'  Iroin  hhi't'. 

Ilercnie'  niamdactnre>  'in  h  a  [lenni'-ihle  powder,  aloiij:  with  other 
nradi-'  and  'trennth'  ol  e\|ilo'i\e>  to  meet  the  in.iin  and  varied  condi¬ 
tion-  in  coal  mine-  thronndioiit  the  nation. 

( )nr  technical  'ale'->>'r\  ice  repre'entativ e>  welcome  the  op|tortnnitv 
to  di'cn^r  with  \on  Ilercnie-  pertni-'ihle  powder>  in  "Kine-Si/e  " 
eartridne-.  and  to  -how  how  their  n-e  re-nlt-  in  im|iro\ed  method-  id 
hla-tinn  and  more  efiicient  operation  ol  \onr  coal  mine. 


HERCULES  POWDER  COMPANY  M 

Explosives  Department,  90()  Market  St.,  Wilminf’ton  99,  Del 

HirniiiifiluTii.  \t.i.;  I Ill  ;  l>ulittli.  Mum.:  Ilj/lrton.  I’.c;  Jnplin.  Mii.:  I.n-  Vncclt--. 
(,alif.:  ^  iirk.  N.  V;  I’lll-lmruli.  S.1I1  l.akf  (atv.  I  lali;  -an  t  ratici-i  n.  (!alil 
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HERCULES 


Abundant  and  thoroughly  dependable  air  power 
for  all  drilling  operations  at  the  Oliver  Dam  in  Colum¬ 
bus,  Ga.,  is  supplied  by  these  three  I-R  Gyro-Flo  rotary 
compressors  —  two  900  cfm  and  one  600  cfm  units. 
Under  construction  by  Caldwell  Engineering  Co.,  this 
project  will  power  a  60,000  kw  hydro-electric  station 
for  Georgia  Power  Company. 


Here,  six  Ingersoll-Rand  CRAWL-IR  drills  using  I-R 
carburized  steel  and  Carset  bits,  are  making  fast  work 
of  rock  removal  for  the  power  house  and  tail-race.  In 
these  air  powered  crawler  drills,  all  tower  motions  are 
hydraulically  controlled  at  the  touch  of  a  throttle,  con¬ 
verting  setup  time  into  productive  drilling  time. 


RAWL-  IR  drills 


SPEED  ROCK  WORK  AT  OLIVER  DAM 


1 1  Broadway,  New  York  4,  N.  Y. 
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A  CONSTANT  STANDARD  OF  OUALITY  IN  EVERYTHING  YOU  NEED  FOR  DRILLING  ROCK 
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Burypus 

Ewi  e: 


THE  NEW 
BUCYRUS  -  ERIE 


Here’s  a  small  sample  of  the  big  ivrformance  feature's 
the  new  Bucyrus-Krie  30-R  rotary  blast  hole  drill  offers. 


Big  Capacity  —  Drills  6'  j  to  TTg-in.  holes  with 
rotary  bits  and  down-the-hole  tools. 

Terrific  Pull-Down  —  Hydraulic  motor  exerts  a 
pull-down  f(»r(v  of  3().(K)()  |x>unds. 

Infinite  Selection  of  Speeds  —  Hydraulic  ro- 
tijry  drive  can  Ix'  varic'd  from  0  to  110  rj)m. 

Fully  Self-Contained  —  With  five  lengths  of  pifx' 
in  its  rack,  the'  3()-H  is  always  re'ady  to  move  in  and  drill 
to  a  depth  e)f  106  fex't  e'omple'tely  e)n  its  e)wn. 

Works  Fast  and  Steady  —  Top  drive  jx'rmits 
cemtinuous  drilling  for  more  than  21  feet  Ix'fore  adding 
ne'w  piix'. 

Always  Solid.  Always  Level  —  The  30-R  stands 
firmly  em  large,  20-in. -wide  crawler  treads  .  .  .  leve'ls 
instantly  with  thre'e  big  hydraulic  jacks. 

It’s  ane)fher  OUTSTANDING  B  E  drill  with  the 
same  rugge'd  stemina  .  .  .  the  same  o|x*rating  ease  and 
servicing  e'emvenie'ne'e  that  have  made  larger  Bucyrus- 
?>ie  rotaries  the  most  ix)pular  in  the  field  —  by  far. 
The  30R  may  also  be  truck-mounted. 

Write  D*'pt.  2115911,  Bucyrus-Erie  (’om|xmy.  Drill 
Division,  Richmond,  Indiana,  for  t'omplele  information 
on  the  new  30-R.  _  _ 


Build*  Better  Equipment 
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“READY-TO-USE”  DYNATEX’ 


KxtcnMvc  lot'  ill  o|trn  |»il  iiiiiM‘>^  ami 

(|iiarri<*s  lia\»‘  that  l)\iialf\  iinMliicf-  ruck 

or  on*  at  a  lower  ro>|  than  prillol  atniiioMiinn 
iiitratc-f iicl  oil  ini\tiin*s. 

Tln*M*  texts,  eomliieti'il  iimler  aetiial  workiii” 
eomlitioiis.  |irove(l  that  hviiat<‘\  |)eriiiitteil  an  in¬ 
crease  in  the  ilixtanee  hetwi*en  ilrill  holes  as  well 
as  an  increased  hnrden.  la  onomies  were  elleeted 
all  alone  the  line,  'Hie  e\[tlo-.i\es  loadiii"  factor 
was  reduced,  as  were  loadine  time,  labor,  drilline. 
and  hlasting  costs. 

If  v»»n  liave,  or  are  now  nsine.  a  [irilled  annnoni- 
nrn  nitrate-fnel  oil  mixture,  he  sure  to  test  I  )vnatex 
on  vonr  next  blast.  Onr  technical  re|tresentatives 
will  he  filad  to  show  v<>n  how  Dynatex  hlastine 
aeent  can  cut  vonr  costs,  too.  IMione  or  write  onr 
nearest  branch  olhee  for  coni|ilete  information. 


NO  FUSS-NO  MUSS.  No  mixine  on  tin 
ready  for  use. 


QUICK  LOAOING.  In  cartridees,  Dynati'x  is  ijiiicklv  loaded  into 
bore  holes.  Where  conditions  |iermit,  Dvnatex  mav  be 
poured  into  bore  holes. 

UNIFORM  STRENGTH  AND  QUALITY.  Dvnatex  is  a  blasting  ai'cnt 
of  uniform  known  streni;th  and  di'pi'iidabilit v. 

CHOICE  OF  PACKING.  Dvnatex  is  available  in  mnitiwall  paper, 
special  bnrla[)  or  f  lexo-Haj:*'  containers,  or  in  liber  ilrnnix 
(d  standard  diameteix. 


*llrrrulrii  trailrniarL 


% 


HERCULES  POWDER.  COMPANY 

*HHt  Miirkvt  Slri'rl.  II  ilmineton.  [Mnuarc 


itirniinpliain,  Ala. ;  (llm  auo,  til.:  I  till  ii  lit.  Mum. ;  lla/lelon.  I’.i.;  Jo|ilin,  Mo.;  I.O'  Xnpcles, 
('alif.;  iNew  York,  N.  \  I’in'l'ur}:li,  I’a.;  Sail  l.ake  (at\,  I  tah;  San  Francisco,  (lalif. 
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